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Abstract  The  Idaho  National  Engineering  Laboratory  and  the  Naval  Civil  Engineering 
Laboratory  (NCEL)  panicipated  in  an  advanced  transformer  demonstration  and  validation  pro¬ 
gram.  The  key  objectives  of  the  Advanced  Transformer  Demonstration  and  Validation  Proj¬ 
ect  were  to  verify  the  operational  characteristics  of  advanced  transformer  technologies,  deter¬ 
mine  their  applicability  to  Navy  use,  and  provide  NCEL  with  lessons  learned  in  the  installation 
of  these  transformers  at  an  active  Navy  base. 

Ten  new  transformers  were  installed  on  the  Naval  Air  Station  (NAS),  North  Island,  CA. 
These  special  advanced  technology  units  replaced  polychlorinated  biphenyl-filled  units  in  and 
around  buildings  onNAS,  Nonh  Island.  The  new  transformers  included  cast  coil,  amorphous 
core,  and  vacuum  pressure  impregnated  units.  This  report  summarizes  the  experiences  gained 
during  the  NAS,  North  Island  advanced  transformer  demonstration  and  validation  project. 
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13.  ABSTRACT  ^Wumun  ZOO  MOnSy 


The  Idaho  National  Engineering  Laboratory  and  the  Naval  Civil  Engineering  Laboratory  (NCEL)  participated  in 
an  advanced  transformer  demonstration  and  validation  program.  The  key  objectives  ot  the  Advanced  Transformer 
Demonstration  and  Validation  Project  were  to  verify  the  operational  characteristics  of  advanced  transformer  technolo¬ 
gies,  detemune  their  applicability  to  Navy  use.  and  provide  NCEL  with  lessons  teamed  in  the  installation  of  these 
transformers  at  an  active  Navy  base. 

Ten  new  transformers  were  installed  on  the  Naval  Air  Station  (NAS),  North  Island,  CA.  These  special  advanced 
technology  units  replaced  polychlonnatcd  biphenyl-rdled  units  in  and  around  buildings  onNAS,  North  Island.  The  new 
transformers  included  ca.st  coil,  amoqihous  core,  and  vacuum  pressure  impregnated  units.  This  report  summarizes  the 
cxpcncnces  gamed  duniig  the  NAS,  North  Island  advanced  transformer  demonstration  and  validation  project. 
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ACRONYMS 


INEL  Idaho  National  Engineering  Laboratory 

NCEL  Naval  Civil  Engineering  Laboratory 

NASNI  Naval  Air  Station,  North  Island 

PCB  polychlorinated  biphenyl 

PWC  Public  Works  Center 

VPi/E  vacuum  pressure  impregnated/encapsulated 


ADVANCED  TRANSFORMER  DEMONSTRATION  AND  VALIDATION 


SUMMARY  REPORT  BASED  ON  EXPERIENCES 
AT  NAVAL  AIR  STATION.  NORTH  ISLAND 
SAN  DIEGO.  CALIFORNIA 

1.  INTRODUCTION 

The  Idaho  National  Engineering  Laboratory  (INEL)  and  the  Naval  Civil 
Engineering  Laboratory  (NCEL)  are  cooperatively  participating  in  an  advanced 
transformer  demonstration  and  validation  program.  This  task  is  part  of  a 
polychlorinated  biphenyl  (PCB)  Mitigation  and  Risk  Management  Assessment 
Program  being  performed  at  the  Naval  Air  Station,  North  Island  (NASNI)  in  San 
Diego,  California.  This  report  details  the  specific  lessons  learned  during 
the  NASNI  installations  to  date  and  addresses  the  advantages  and  disadvantages 
of  these  transformers  for  Navy  use. 

As  a  part  of  this  program,  eight  efficient,  low-loss  cast  coil  (CC)  dry- 
type  transformers,  one  vacuum  pressure  impregnated  (VPI)  transformer,  and  one 
low-loss  amorphous  core  transformer  were  installed  at  the  NASNI  to  replace 
existing  PCB-filled  transformers.  The  specific  advantages  and  disadvantages 
of  each  type  of  transformer  are  discussed  in  the  following  sections. 
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2.  BASE  HISTORY 


The  electrical  distribution  system  currently  in  operation  at  the  NASNI 
contains  several  hundred  devices,  several  of  which  are  filled  with  PCB- 
filled/contaminated  insulating  fluid.  The  continued  use  of  RGBs  as  a 
electrical  device  insulating  liquid  was  outlawed  in  late  1977,  and  the  NASNI 
is  faced  with  retrofilling  or  retrofitting  the  remaining  RGB  devices 
{transformers,  capacitors,  oil  switches,  and  oil-filled  circuit  breakers). 

The  RGB  transformers  are  installed  in  locations  including  pole  mounts, 
vaults,  and  various  power  distribution  system  locations;  many  transformers  are 
located  near  the  ocean.  Transformers  near  the  ocean  are  sensitive 
installations  because  of  the  hazardous  location  and  the  extreme  environ.,  ntal 
risks  as.,ociated  with  either  transformer  fires  or  leaks  involving  a  RGB 
liquid-filled  device  near  or  over  the  ocean.  Most  of  the  NASNI  boundaries  are 
surrounded  by  water.  The  salt  laden  air  is  very  corrosive  to  electrical 
devices.  These  criteria  were  seriously  considered  during  the  replacement 
process  and  new  transformers  were  installed  that  greatly  reduced  or  eliminated 
the  safety  and  environmental  concerns  associated  with  the  older  RGB-filled 
units . 


The  INEL  supervised  the  replacement  and  load  consolidation  of  13  RGB 
transformers  with  10  new  advanced  technology  transformers  during  this  portion 
of  the  Mitigation  and  Risk  Management  Program.  The  locations  and  sizes  of 
these  units  are  identified  in  Table  1. 
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Table  1.  Locations  and  sizes  of  transformers  installed  during  the  NASNI 
Advanced  Transformer  Demonstration  and  Validation  Project 


Bui Idinq 

Units  Removed® 

Units  Installed^ 

Comments 

94 

1- 500  kVA  PCB 

2- 112.5  kVA  PCB 

1-750  kVA  CC 

1-300  kVA  CC 

2  for  3  replacement 
oil  switches  removed 

342 

1-112.5  kVA  PCB 

1-112.5  kVA  CC 

1 

for  1  replacement 

378 

1- 1000  kVA  PCB 

2- 500  kVA  PCB 

1- 750/1000  kVA  CC 

2- 500  kVA  CC 

3 

for  3  replacement 

379 

3-167  kVA  PCB 

1-300  kVA  VPI 

1 

3^  for  3  10  replacement 

472 

1-1500  kVA  PCB 

1-1500  kVA  CC 

1 

for  1  replacement 

473 

1-112.5  kVA  PCB 

1-112.5  kVA  AC 

1 

for  1  replacement 

489 

1-1500  kVA  PCB 

1-1500  kVA  CC 

1 

for  1  replacement 

a.  PCB  =  existing  PCB-filled  unit. 

b.  CC  =  cast  coil 

AC  =  amorphous  core 

VPI  =  vacuum  pressure  impregnated. 
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3.  PROJECT  SUPPORT  AND  ADMINISTRATION 


The  following  sections  detail  several  project  support  tasks  and 
administrative  elements  that  were  completed  during  this  project. 

3 . 1  Spec' fications 

Two  transformer  specifications  (EG&G  ES-51333  Rev.  B  and  ES-51334 
Rev.  B)  were  written  by  the  INEL.  Specification  ES-51333  details  the 
construction  and  installation  requirements  for  liquid-filled  transformers,  and 
Specification  ES-51334  details  the  construction  and  installation  requirements 
for  cast  coil  and  VPI  transformer;  Data  sheets  and  design  details  for  each 
transformer  installation  were  incluoed  in  both  specifications.  This  enabled 
the  INEL  engineering  team  to  make  device  selections  that  met  the  particular 
facility  needs  and  optimized  the  research  element  around  which  this  project 
was  centered.  The  specifications  required  the  manufacturer  to  perform  some 
nontypical  factory  testing  on  the  new  transformers,  field  testing  on  the  old 
transformers  being  removed,  and  field  testing  on  the  new  transformers  being 
installed  to  support  the  ongoing  advanced  transformer  evaluation  work.  The 
specifications  are  included  in  Appendix  A  of  this  report. 

Appendix  B  contains  the  final  acceptance  testing  reports  of  the  ABB 
Service  Company  112.5  kVA  amorphous  core  transformer,  the  National  Industri 
cast  coil  transformers,  the  Square-D  300  kVA  VPI  transformer,  and  transformer 
schematic  drawings. 


3.2  Subcontracts 

Three  subcontracts  were  awarded  during  this  project.  Subcontract  No. 
C90- 132540  was  awarded  to  Square  D  Company  for  manufacturer  and  installation 
of  one  300  kVA  VPI  transformer.  Subcontract  No.  C90- 132708  was  awarded  to  ABB 
Service  Company  for  manufacturer  and  installation  of  the  nine  remaining 
transformers.  Subcontract  No.  C90-132830  was  awarded  to  Rollins  Chempak  for 
destruction  of  the  PCB  fluid  and  transformer  carcasses.  All  certificates  of 
destruction  of  the  PCB  fluid  and  carcasses  were  issued  to  the  San  Diego  Public 
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Works  Center  (PWC).  Appendix  C  contains  operating  and  maintenance  manuals  and 
product  information  for  the  transformers  and  their  supporting  instrumentation. 

3.3  Field  Office 

An  INEL  field  office  was  established  as  part  of  the  PCB  Mitigation  and 
Risk  Management  Program  before  the  transformer  installations.  This  office 
served  as  a  common  point  for  the  manufacturers  and  their  subcontractors  to 
coordinate  activities  with  both  the  Navy  PWC  and  the  INEL  and  supported 
coordination  with  other  NCEL  tasks  being  performed  concurrently  at  the  NASNI. 


lualitv  Assurance 


Quality  assurance  is  a  requirement  during  both  the  manufacturing  process 
and  installation.  The  possible  consequences  of  failures  caused  by  poor 
quality  assurance  can  easily  exceed  the  cost  of  a  consistent  quality  assurance 
program.  The  INEL  performed  a  comprehensive  field  quality  assurance 
engineering  program  during  the  course  of  this  project.  The  program  includeu 
supervision  during  factory  testing,  field  testing,  and  installation  of  the  new 
transformers.  This  program  verified  that  these  objectives  and  specifications 
of  the  retrofit  program  were  adequately  met. 


3 . 5  Timing  and  Coordination 


The  INEL  and  NCEL  were  responsible  for  project  and  outage  coordination 
and  planning.  INEL  and  NCEL  coordination  for  this  project  was  minimized 
because  the  contractors  delivered  a  turn-key  product.  Thus,  the  riggers, 
hazardous  waste  handlers,  and  installers  were  coordinated  by  the  prime 
contractors  (manufacture'^s) .  The  Navy  PWC  and  INEL  interfaced  with  the 
manufacturers  to  coordinate  the  outages  and  installations. 

A  majority  of  this  project  was  conducted  during  the  Persian  Gulf  Crisis. 
This  contributed  significantly  to  the  amount  of  planning  required  to  complete 
the  changeouts  without  impacting  Base  operations.  The  INEL  resident  engineers 
negotiated  facility  power  outages  with  the  Navy  PWC  and  the  manufacturers  to 
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minimize  the  impact  to  the  Base.  The  INEL  resident  engineers  also  arranged 
base  access  and  clearance  for  the  manufacturers  and  their  subcontractors. 

3.6  Documentation 

These  installations  removed  and  replaced  PCB-filled  devices  with  new 
high  efficiency,  new  technology  transforme.'s.  The  PWC  has  been  notified,  and 
it  is  recommended  that  both  the  records  of  the  PWC  and  the  fire  department 
should  be  updated  to  reflect  the  removal  of  PCBs  from  these  locations. 

3.7  Security 

Security  is  a  major  concern  on  the  Navy  Base.  Compliance  with  security 
measures  is  mandatory  and  requires  a  substantial  amount  of  time.  Security  on 
Base  was  increased  substantially  during  the  Persian  Gulf  Crisis.  Proper 
procedures  were  followed  to  arrange  for  access  and  clearances  for  those 
personnel  performing  the  installations.  Advance  arrangements  reduced  delays 
and  made  it  easier  for  contractors  to  obtain  access  to  the  installation  sites 
on  Base. 

Some  facilities  have  minimum  levels  of  security  while  others  are  tightly 
controlled.  During  this  project,  all  operations  went  smoothly  because  of  the 
preplanning  and  communication  with  security  personnel  and  the  coordination 
with  the  Naval  Air  Rework  Facilities  and  PWC  personnel. 
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4.  HARDWARE  INSTALLATION 


4 . 1  Building  94 

The  Building  94  installation  consisted  of  removing  three  existing  PCB- 
filled  transformers  (as  identified  in  Table  1)  and  replacing  them  with  two  new 
cast  coil  transformers.  The  three  existing  units  were  removed  from 
Building  94;  they  were  located  on  an  overhead  mezzanine  (Pad  2)  approximately 
35  ft  above  finished  floor.  This  installation  was  performed  beginning  at  1630 
hours  on  September  26,  1990,  and  concluded  at  1630  hours  on 
September  28,  1990. 

Before  the  outage,  the  new  750/1000  kVA  cast  coil  dual  rated  outdoor 
unit  substation  transformer  with  a  new  15  kV  primary  fused  switch  was  set  in 
place  on  a  new  concrete  pad  outside  of  Building  94.  The  contractor  performed 
as  much  electrical  work  before  the  outage  as  the  job  would  allow.  This 
minimized  the  outage  requirements  for  the  installation. 

The  750/1000  kVA  transformer  has  a  2400  V/12000  V  reconnectable  primary 
winding  constructed  using  five  sections.  The  five  sections  are  connected  in 
series  for  the  12000  V  configuration  and  in  parallel  for  the  2400  V 
configuration.  Vertical  busses  mounted  external  to  the  coils  are  used  to  make 
the  series/parallel  connections.  High  voltage  taps  are  provided  on  the 
primary  12000  V  configuration  only.  The  unit  was  installed  in  the  2400  V 
configuration  by  extending  the  existing  2400  V  feeder  from  the  mezzanine  to 
the  new  outside  location.  The  existing  2400  V  distribution  systems  are 
currently  being  upgraded  to  12  kV  by  the  Navy.  The  dual  voltage  transformers 
make  the  transition  from  2400  to  12000  V  in  the  facilities  more  cost 
effective.  New  secondary  switchgear  was  also  installed  on  this  unit 
substation  to  feed  the  existing  loads  and  the  new  300  kVA  transformer.  The 
300  kVA  transformer  is  fed  by  the  480  V  output  of  the  750/1000  kVA 
transformer.  The  secondary  voltage  of  the  300  kVA  unit  is  208/120  V  and  will 
be  used  to  feed  one  existing  208  V  panel  and  one  existing  240  V  panel.  The 
INEL  addressed  the  option  of  providing  only  208  V  to  the  240  V  panel  with  the 
San  Diego  PWC.  The  PWC  stated  that  all  existing  240  V  loads  would  operate 
acceptably  at  the  reduced  voltage. 
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This  installation  presented  the  contractor  with  several  unique 
difficulties.  Most  importantly,  the  existing  PCB-filled  transformers  were 
located  approximately  35  ft  over  an  aircraft  rework  facility.  Extreme  care 
had  to  be  taken  to  protect  the  adjacent  aircraft  and  shop  equipment  from  any 
physical  or  environmental  damage  while  removing  the  hazardous  ‘vaste  (liquid 
and  solid)  and  installing  the  new  electrical  equipment.  In  addition,  with  the 
conflict  in  the  Persian  Gulf,  the  operations  of  this  aircraft  rework  facility 
were  intensified.  This  placed  added  pressure  on  the  construction  crew  to 
minimize  outage  and  installation  time.  Extensive  planning  was  needed  to  avoid 
problems  and  outage  extensions  that  would  have  caused  significant  impact  to 
the  facilities  operations. 

In  spite  of  several  interim  problems  that  were  encountered  during  this 
installation,  ABB  Service  Company  was  able  to  react  quickly  to  the  directions 
of  the  Navy  and  the  INEL  field  engineer  to  successfully  complete  the  task. 

4.2  Building  342 

The  Building  342  installation  consisted  of  removing  an  existing 
112.5  kVA  PCB  transformer  and  replacing  it  with  a  new  112.5  kVA  cast  coil  unit 
substation  transformer  with  a  dual  voltage  primary  winding  (2400  and 
12,000  V).  The  existing  oil  fused  cutouts  were  also  removed  and  replaced  with 
a  new  15  kV  fused  switch.  This  installation  was  performed  beginning  at  0600 
hours  on  December  15,  1991,  and  concluded  at  0600  hours  on  December  16,  1991. 

The  new  transformer  was  initially  installed  in  the  2400  V  configuration. 
The  dimensions  of  the  new  transformer  required  that  the  concrete  pad  be 
extended  and  the  safety  fence  be  modified.  The  concrete  and  fence  work  was 
performed  after  the  new  transformer  was  energized.  No  other  problems  were 
encountered  during  this  installation. 

4 . 3  Building  378 

The  Building  378  installation  consisted  of  removing  three  existing  PCB 
transformers  in  three  different  locations  (pads  378-1,  378-2,  and  378-6); 
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replacing  them  with  three  new  cast  coil  transformers  in  two  locations;  and 
consolidating  power  feeders. 

The  pad  378-1  installation  is  located  in  a  vault  and  consisted  of 
removing  a  1000  kVA  PCB  transformer  and  two  PCB-filled  voltage  regulators  and 
replacing  them  with  a  1000  kVA  cast  coil  transformer  and  a  500  kVA 
transformer.  The  transformer  that  was  removed  had  a  2400  V  primary  and  a 
208  V  secondary.  The  primary  voltage  to  the  vault  was  upgraded  to  12  kV  by 
tapping  into  an  existing  pothead  in  pad  378-2.  The  new  1000  kVA  cast  coil 
transformer  was  constructed  as  a  unit  substation  with  a  new  15  kV  fused  switch 
and  480/277  V  secondary  switchgear.  The  secondary  of  the  new  transformer  was 
480/277  V  grounded  wye.  The  500  kVA  cast  coil  transformer  was  installed  in 
the  vault  to  step  down  the  output  of  the  1000  kVA  unit  from  480  to  208  V.  The 
output  of  this  second  unit  was  connected  to  the  existing  208  V  switchgear. 

The  pad  378-2  installation  consisted  of  removing  a  500  kVA  PCB 
transformer  and  feeding  the  panel  from  the  new  switchgear  on  the  1000  kVA 
transformer  in  vault  378-1.  No  new  transfo'  ?r  was  installed  at  pad  378-2.  A 
local  main  disconnect  breaker  was  retrofitted  to  the  back  of  the  existing  load 
panel,  and  new  supports  had  to  be  fabricated  to  support  the  load  panel  that 
was  originally  mounted  directly  to  the  PCB  transformer.  This  load 
consolidation  reduced  the  power  losses,  reduced  the  transformer  cost,  and 
provided  environmentally  safe  and  efficient  power  delivery. 

The  pad  378-6  installation  consisted  of  a  direct  one-for-one  replacement 
of  a  50C  kVA  PCB  transformer  with  a  new  500  kVA  cast  coil  transformer.  The 
existing  secondary  switchgear  and  primary  air  interrupter  switch  were  reused. 
The  new  transformer  was  physically  larger  than  the  original  unit;  thus,  the 
concrete  pad  had  to  be  extended.  The  size  increase  is  common  when  liquid- 
filled  transformers  are  retrofitted  with  dry-type  transformers.  During  this 
installation  it  was  noted  that  the  insulation  on  the  existing  conductors 
connecting  the  primary  switch  to  the  transformer  was  in  poor  condition; 
therefore,  the  conductors  were  removed  and  new  conductors  were  installed. 

This  installation  required  a  great  amount  of  planning.  Very  little  work 
could  be  performed  before  the  outage  because  of  the  space  limitations  in  the 
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facility.  The  doorway  entering  the  vault  was  slightly  smaller  than  the 
dimensions  of  the  old  transformer  that  was  to  be  removed.  Thus,  the 
contractor  needed  to  cut  one  of  the  termination  throats  from  the  transformer. 

A  significant  problem  was  encountered  during  this  process.  The  contractor 
failed  to  clean  the  inside  of  the  throat  before  using  the  cutting  torch.  The 
bushings  inside  the  throat  had  leaked  transformer  fluid  into  the  throat  and 
the  fluid  contained  PCBs.  The  material  began  to  smoke  immediately  after  heat 
was  applied.  The  contractor  was  immediately  stopped.  The  environmental  waste 
handling  crew  then  cleaned  the  throat  with  solvent  to  remove  the  PCBs.  Once 
the  throat  had  been  cleaned,  the  PWC  environmental  office  inspected  the  throat 
and  gave  the  contractor  permission  to  complete  the  cut,  which  was  completed 
without  further  incident.  The  existing  2400  V  feeder  (three  conductor  lead 
sheathed  cable)  to  the  old  transformer  in  vault  378-1  could  not  be  removed  and 
had  to  be  capped  and  abandoned  in  placed.  The  contractor  attempted  to  remove 
the  cable  and  could  not  pull  it.  The  San  Diego  PWC  stated  that  the  cable 
should  be  capped  and  abandoned  in  place. 

4.4  Building  379 

The  Building  379  installation  consisted  of  removing  three  existing 
167  kVA  PCB-filled,  single  phase,  polemount  transformers  that  were  connected 
in  a  three  phase  bank  and  replacing  them  with  a  single  300  kVA  Square  D 
Company  VPI  dry-type  transformer.  This  task  also  involved  removing  another 
PCB-filled  transformer  from  the  roof  of  Building  379.  The  loads,  which  were 
fed  by  this  transformer,  were  then  alternately  fed  using  another  existing 
transformer.  Ultimately,  four  PCB  transformers  were  removed  from  the  facility 
and  replaced  with  a  single  modern  dry-type  transformer.  The  Square  D  Company 
hired  a  local  subcontractor  (Chula  Vista  Electric)  to  perform  the  actual 
removal  and  installation. 

The  new  300  kVA  transformer  is  uniquely  constructed  with  a  dual  rated 
primary  winding.  The  winding  can  be  connected  in  a  2400  V  or  a  12000  V  delta 
configuration.  The  new  transformer  was  installed  in  the  2400  V  configuration 
using  the  existing  oil  filled  cutouts. 
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The  original  installation  was  very  congested.  The  three  167  kVA 
transformers  were  packed  into  a  very  confined  space  on  an  overhead  wooden 
mezzanine  with  little  or  no  clearance  for  maintenance  personnel.  The  new 
transformer  was  constructed  to  slip  into  the  installation  without  having  to 
modify  the  roof  support  structure.  The  new  installation  provides  a  clean 
transformer  enclosure  design  and  small  size,  allowing  adequate  clearance 
around  the  unit  so  maintenance  can  be  performed  on  the  unit.  Installing  this 
unit  involved  an  intricate  rigging  configuration  that  had  to  be  well  planned. 
The  installation  went  smoothly  without  incident. 

4 . 5  Building  472 

This  installation  is  in  a  corrosive  environment.  The  transformer  and 
primary  and  secondary  switchgear  are  located  between  two  stack  assemblies. 

The  moisture  and  corrosives  emanating  from  the  stacks  have  caused  extensive 
corrosion  to  the  existing  transformer  enclosure  and  the  existing  primary  and 
secondary  switchgear.  task  involved  removing  the  existing  1500  kVA  PCB- 

filled  transformer  and  replacing  it  with  a  new  1500  kVA  cast  coil  ventilated 
dry-type  transformer  with  future  forced  air  provisions.  Cast  coil 
transformers  are  extremely  resistant  to  corrosives  and  are  environmentally 
inert;  thus,  the  new  transformer  could  be  installed  in  the  same  location  as 
the  old  unit.  New  code  requirements  require  a  substantially  greater  distance 
between  the  facility  and  a  standard  oil -filled  transformer.  A  new  mineral -oil 
filled  transformer  could  not  have  been  installed  without  performing 
substantial  facility  modifications.  The  high  efficiency  cast  coil  dry-type 
transformer  was  installed  outside  on  the  exiting  pad  without  any  facility 
modification.  This  installation  was  performed  on  November  3  and  4,  1990,  by 
ABB  Service  Company  and  their  subcontractors. 

4.6  Building  473 

The  installation  at  this  facility  was  delayed.  The  specification 
detailed  the  design  requirements  of  the  new  transformer;  however,  the 
contractor  manufactured  the  new  extremely  high  efficiency  amorphous  core 
transformer  with  the  wrong  secondary  voltage.  A  new  transformer  was 
manufactured  and  was  installed  on  February  22,  1992.  Building  473  was  a  prime 
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candidate  for  an  amorphous  core  transformer.  The  building  was  being  served  by 
a  112.5-kVA  PCB  liquid-filled  transformer  that  was  lightly  loaded. 

The  transformer  no-load  loss  (core  loss)  remains  constant  at  all  levels 
of  transformer  loading.  The  load  loss,  however,  increases  proportionally  to 
the  loading.  Under  lightly  loaded  conditions,  the  no-load  loss  comprises  a 
more  significant  portion  of  the  total  losses  of  a  transformer.  Building  473 
is  only  occasionally  heavily  used  and  typically  has  minimal  loading.  The 
extremely  low  no-load  loss  of  the  amorphous  core  transformer  will  reduce  the 
power  consumption  at  Building  473  considerably.  No  problems  were  noted  during 
this  final  installation. 


4.7  Building  489 

The  original  1500  kVA  transformer  feeding  Building  489  failed  and  the 
replacement  was  added  to  this  project.  Following  the  failure,  the  failed  unit 
was  removed  and  a  temporary  3750  kVA  unit  substation  transformer  was  installed 
by  the  Navy  PWC.  This  unit  provided  temporary  power  to  the  facility  until 
this  permanent  replacement  was  installed.  The  existing  15  kV  class  primary 
switch  had  been  damaged  during  the  transformer  failure  but  had  to  be  rebuilt 
and  placed  back  into  service  concurrent  with  installation  of  a  new 
transformer. 

This  installation  began  with  the  r  .-.oval  of  the  3750  kVA  temporary 
transformer.  The  San  Diego  PWC  removed  t'.e  temporary  3750  kVA  unit.  A  new 
1500  kVA  cast  coil  transformer  was  then  installed  by  the  ABB  Service  Company. 
The  new  unit  has  a  12000  V  delta  primary  and  a  480/277  V  grounded  wye 
secondary.  The  original  15  kV  fused  switch  was  rebuilt  by  the  ABB  Service 
Company  <.  id  placed  back  into  service  with  the  new  transformer.  The  ABB 
Service  Company  had  not  anticipated  needing  new  fuses  for  the  primary  switch 
and  had  to  obtain  them  before  the  new  transformer  could  be  energized.  No 
other  problems  were  identified  during  this  installation. 
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5.  TYPES  OF  TRANSFORMER  CONSTRUCTION 


Cast  coil  transformers  provide  an  acceptable  and  preferable  alternative 
to  PCB  transformers.  They  are  self-extinguishing  and,  therefore,  offer  high 
levels  of  fire  safety  compared  to  liquid-filled  transformers,  they  are 
efficient,  and  they  perform  exceptionally  in  the  corrosive  environments  common 
to  Navy  installations. 

Liquid-filled  transformers  have  been  used  for  severe  duty  applications 
for  many  years.  High  fire  point  insulating  liquids  allow  the  use  of  liquid- 
filled  transformers  in  locations  where  there  is  a  risk  of  fire.  The  most 
commonly  used  high  fire  point  liquid  is  commonly  referred  to  as  Askarel  and  is 
primarily  comprised  of  PCBs.  Use  of  PCBs  was  outlawed  in  1977  because  of 
health  problems,  primarily  caused  from  the  by-products  of  combustion  of  these 
fluids  such  as  furans  and  dioxins.  Thus,  alternative  transformer  types  or 
fluids  must  be  used. 

The  primary  alternatives  for  PCB-filled  transformer  replacements  are 
"less  flammable"  liquid-filled  transformers  (insulating  liquids  with  a  minimum 
fire  point  of  300*C  are  classified  as  "less  flammable"  by  UL  and  Factory 
Mutual)  and  dry-type  transformers .  The  first  alternative,  "less  flammable" 
liquid  insulated  transformers,  is  a  good  alternative  but  will  not  work  in  all 
locations.  For  example,  certain  restrictions  or  requirements  apply  when 
installing  liquid-filled  transformers.  There  are  several  currently  available 
"less  flammable"  transformer  insulating  liquids.  They  are  typically  high 
molecular  weight  hydrocarbons.  The  second  alternative  is  to  use  dry-type 
transformers.  "Less  flammable"  liquid-filled  transformers  are  not  an  option 
where  vault  requirements  or  fire  codes  restrict  their  use. 

There  are  two  general  dry-type  transformers  to  evaluate;  standard  and 
CC.  The  standard  dry-type  transformers,  open  wound  and  VPI,  are  not  designed 
to  withstand  the  stress,  use,  and  physical  abuse  of  a  comparable  liquid-filled 
transformer.  Issues  such  as  temperature  rise,  basic  impulse  level,  and  short- 
circuit  strength  are  common  weaknesses  of  standard  dry-type  transformers  when 
compared  to  liquid-filled  transformers.  However,  cast  coil  dry-type 
transformers  perform  with  ratings  equal  to  or  greater  than  those  of  comparable 
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liquid-filled  designs.  The  following  characteristics  of  liquid-filled  and 
cast  coil  dry-type  transformers  were  compared; 

•  Basic  impulse  level 

•  Sound  level 

•  Short  time  overload  capability 

•  Weight 

•  Thermal  rating  (temperature  rise  capability) 

•  Load  losses. 

In  all  cases,  cast  coil  transformers  met  or  exceeded  liquid-filled 
transformer  parameters  for  these  characteristics. 

5.1  Cast  Coil  Transformers 

Cast  coil  transformers  are  dry-type  transformers  with  vacuum  cast  coil 
assemblies.  The  manufacture''s  of  cast  coil  transformers  use  two  basic  methods 
of  coil  construction.  One  design  uses  fiberglass  cloth  to  provide  mechanical 
support  along  with  a  thin  layer  of  epoxy  encapsulation.  The  other  design  uses 
a  thick  layer  of  silica-filled  epoxy  to  provide  both  the  dielectric  and 
mechanical  strength. 

Cast  coil  transformers  are  available  with  both  copper  ?nd  aluminum 
conductors.  The  aluminum  units  are  somewhat  less  expensive  to  manufacture  but 
typically  are  larger  and  less  efficient.  The  design  that  uses  the  thin  layer 
of  epoxy  requires  that  the  coils  must  be  cast  in  precision  molds  (i.e.,  they 
require  high  quality  control).  This  requirement  for  precision  molds  depends 
directly  on  the  design  of  the  coils  and  adds  significantly  to  the  mold 
fabrication  cost.  The  manufacturers  that  use  precision  molds  are  typically 
limited  to  building  only  the  coils  for  which  they  have  molds,  and  they 
typically  cannot  build  custom  units.  This  is  a  problem  for  loss  evaluated 
units  in  which  a  larger  amount  of  conductor  is  used  in  the  coils  to  reduce  the 
resistive  losses.  The  manufacturers  that  use  the  thick  epoxy  have  more 
flexibility  because  they  can  often  afford  to  build  a  mold  or  use  an  existing 
mold  for  a  custom  transformer  if  needed. 
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These  types  of  transformers  are  currently  available  with  either  copper 
or  aluminum  windings  to  sizes  of  approximately  10,000  kVA. 

For  additional  information  on  cast  coil  transformers  refer  to  EG&G 
reports  EGG-2591,  February  1990,  Cast  Coil  Transformers  Fire  Susceptibility 
and  Rel iabil itv  Study,  and  EGG-EE-8652,  August  1989,  Cast  Coil  Transformer 
Summary  Report  Based  on  Experiences  at  Norfolk  Naval  Base. 

5.2  Vacuum  Pressure  Impreonated/Encapsulated  Transformers 

Vacuum  pressure  impregnated/encapsulated  (VPI/E)  transformers  are  dry- 
type  transformers  with  coils  that  are  impregnated  (or  encapsulated)  with  a 
silicone,  polyester,  or  epoxy  resin  while  under  vacuum.  The  resin  is  intended 
to  provide  a  barrier  against  moisture,  dust,  and  corrosives  and  increase 
overall  coil  insulation.  The  relatively  thin  resin  coating  does  not  provide 
added  mechanical  strength  as  does  the  CC.  The  vacuum  pressure  encapsulation 
process  was  specifically  developed  for  the  Navy  to  improve  impregnation  and 
moisture  resistance  of  the  windings.  This  enabled  the  Navy  to  use  high 
voltage  dry-type  transformers  aboard  ships  especially  in  the  high  moisture 
environment.  These  types  of  transformers  are  currently  available  with  either 
copper  or  aluminum  windings  to  sizes  of  approximately  10,000  kVA. 

5.3  Liquid  Filled/Amorphous  Core  Transformers 

Liquid-filled  amorphous  core  transformers  are  currently  being  produced 
in  industry  from  15  to  2500  kVA.  These  extremely  efficient  transformers  have 
a  significantly  reduced  magnetic  loss  characteristic.  The  only  difference 
between  the  typical  and  amorphous  core  liquid-filled  transformer  is  in  the 
core  construction. 

Amorphous  metals,  developed  and  patented  by  Allied  Corporation  under  the 
trade  name  of  Metglas,  are  a  new  class  of  metallic  materials.  Unlike  other 
metals  or  alloys  of  metals,  amorphous  metals  do  not  have  grain  structure;  they 
are  more  characteristic  of  glass.  When  normal  metals  or  alloys  cool  from  the 
molten  state,  the  atoms  arrange  themselves  into  an  orderly  lattice  of 
crystals.  The  intercrystall ine  boundaries  play  a  major  role  in  the  hysteresis 
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losses  experienced  by  steel  when  subjected  to  the  alternating  current  in  a 
transformer.  In  the  Metglas  process,  an  alloy  of  iron,  boron,  and  silicon  is 
cooled  at  approximately  1  million  *C/s.  This  rapid  cooling  causes  the  atoms 
to  arrange  themselves  in  a  random  fashion  as  they  do  in  glass,  rather  than  in 
the  highly  structured  crystalline  lattices  found  in  metals.  The  end  result  of 
this  process  is  a  material  that,  used  in  the  core  of  a  transformer,  cuts  the 
no-load  losses  to  about  25  to  40%  of  the  losses  of  an  equivalent  silicon-steel 
core. 


For  more  information  on  Amorphous  Core  Transformers  refer  to  NCEL 
Report  N-1801,  August  1989,  25  kVA  Amorphous  Metal -Core  Transformer 
Developmental  Test  Report,  and  EGG-EE-8748,  June  1991,  Retrofill/Retrofit 
Study  of  PCB  Electrical  Transformers  U.S.  Navy  Public  Works  Center  Pearl 
Harbor.  Hawaii. 
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6.  RECOMMENDATIONS  AND  CONCLUSIONS 

r.e  San  Diego  Advanced  Transformer  Evaluation  and  Validation  Project  was 
completed  successfully.  It  would  be  useful  to  consider  these  recommendations 
for  future  transformer  installation  and  operation: 

•  Provide  on-line  documentation  and  tracking  for  the  replaced 
transformers.  This  information  must  be  provided  to  the  PWC,  the 
fire  department,  and  any  other  organizations  who  need  it  so  that 
their  records  can  be  updated  to  show  that  the  hazardous  wastes 
(PCBs)  have  been  mitigated. 

A  previous  incider  at  the  Norfolk  Naval  Base  involved  a  PCB 
transformer  that  had  been  replaced  with  a  new  transformer.  The 
new  unit  caught  on  fire,  and  the  fire  department  would  not  enter 
the  vault  to  put  the  fire  out  because  their  records  listed  the 
unit  at  PCB  filled.  The  damage  to  the  unit  and  vault  could  have 
been  reduced  substantially  if  the  proper  records  would  have  been 
updated. 

•  Install  cast  coil  transformers  in  environmentally  sensitive  areas 
and  areas  with  high  power  rates.  They  also  are  excellent  for  use 
in  facilities  that  experience  cyclical  loads  where  the 
transformers  are  or  can  be  shut  down  for  long  periods  of  time  or 
when  varying  loads  are  experienced. 

•  Evaluate  amorphous  core  transformers  when  life-cycle  costs 
indicate  that  small  increases  in  purchase  price  will  be  recovered 
by  the  reduced  losses  of  the  transformer. 

•  Conduct  a  follow-on  study  on  the  VPI  transformer  installed  in 
Building  379.  The  operational  data  will  provide  the  Navy  with 
verification  of  the  performance  of  a  VPI  transformer  in  a  shore- 
based  Navy  application. 
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•  Thoroughly  investigate  the  replacement  sites  for  access,  floor 

space,  and  other  interface  requirements  that  could  possibly  cause 

problems  during  the  installation.  Any  findings  should  be  pointed 
out  to  the  contractors  before  installation  to  minimize  impact. 

•  Strictly  monitor  the  installation  schedule  and  coordination  with 

the  PWC.  Ensure  that  all  aspects  are  properly  scheduled  and  that 

all  needed  resources  and  personnel  are  available. 

•  Strictly  monitor  the  contractor  to  ensure  that  all  areas  are 
thoroughly  cleaned  after  the  installations  are  complete  and  that 
all  materials  and  debris  are  removed  from  the  job  site. 

The  transformer  installations  illustrate  technology  evaluation, 
operational  performance,  fire  code  compliance,  and  sizing.  These  types  of 
transformers  each  have  their  specific  applications  and  advantages  and  serve  as 
excellent  replacements  for  PCB-filled/contaminated  transformers  in  Navy 
a: ..  1  ications .  Each  of  the  types  of  transformers  demonstrated  during  this 
project  will  provide  the  Navy  with  environmentally  safe  and  efficient  power 
delivery  alternatives  to  PCB-filled  transformers. 
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SAN  DIEGO  NAVAL  FACILITY 

1.  SCOPE 

1.1  Scone.  This  specification  covers  the  design,  fabrication,  testing, 
installation,  and  inspection  of  new  liquid  filled,  power  transformers  and 
the  removal  of  the  existing  polychlorinated  biphenyl  (PCB)  filled 
transformers,  handling  of  PCB  fluid,  and  obtaining  the  permits  required 
for  hauling  hazardous  waste.  The  intent  is  to  make  a  turnkey  replacement 
with  advanced  technology  transformers  including  any  equipment  needed  to 
replace  the  existing  transformers.  They  will  be  used  to  provide  the  Navy 
with  performance  data  on  these  advanced  technology  devices. 

1.2  Apol icabil itv.  It  is  not  the  intent  to  specify  details  of  design  and 
construction  except  where  necessary  to  establish  performance  requirements, 
nor  is  it  intended  to  set  forth  those  performance  requirements,  which  are 
adequately  specified  in  applicable  standards. 

All  components  of  the  transformers  shall  function  in  a  satisfactory 
manntr  within  their  rated  capacity  under  the  specified  service  conditions 
regardless  .of  whether  all  necessary  specific  performance  requirements  are 
set  forth  herein  or  in  applicable  standards. 

2.  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  to  the 
extent  specified  herein.  The  issue  of  a  document  and  amendments  in  effect 
on  the  date  of  publication  of  this  specification  shall  apply. 
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2 . 1  c  5'^  Nat’c^a'i  Star'da'^d  I"st''tL'te  . 

ANSI-C57  12.00  General  Requirenents  for  Licuid  Immersed 

Cistribution  Power  and  Regulating  Transformers 

ANSI-C57  12.13  Requirements  for  Conformance  Liquid  Filled 

Transformers  Used  in  Unit  Installation  including 
Unit  Substations 

ANSI-C57  12.27  Conformed  Requirements  for  Liquid  Filled 

Transformers  Distribution  Used  in  Pad  Mounted 
Installation,  including  Unit  Substations 

ANSI-C57  12.80  Terminology  for  Power  and  Distribution 

Transformers 

ANSI-C57  12.90  Test  Code  for  Liquid  Immersed  Distribution,  Power, 

and  Regulating  Transformers 

ANSI-C57  12.91  Test  Code  for  Dry  Type  Distribution  and  Power 

Transformers 

C2-1989  National  Electrical  Safety  Code 

ANSI-C57-13  Requirements  for  Instrument  Transformers 

Z35.1  Specifications  for  Accident  Prevention  Signs 

2 . 2  American  Society  o^  "^estinG  and  Materials  (ASTM). 

ASTM  D  92-78  Flash  and  Fire  Points  by  Cleveland  Open  Cup 

ASTM  D-877  Dielectric  Breakdown  Voltage  of  Insulating  Liquids 

ASTM  D-923  Sampling  Electrical  Insulating  Liquids 
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AS'M  D-92A  ^Dwer  Factcr  and  C'ielect.nc  Constant 

ASTM  D-974  Neutral Izat* on  Number 

ASTM  0-1533  Water  in  Insulating  Liquid 

AS^M  D-2225  Methods  of  Testing  Silicone  Fluids  Used  for 

Electrical  Insulation 

ASTM  D-3A87  Mineral  Insulating  Oil  Used  in  Electrical 

Apparatus 

ASTM  D-4652  Standard  Specification  for  Silicone  Fluid  Used  for 

Electrical  Insulation 

2 . 3  National  E'!ectric  Manufacture-s  Association  INEMA). 

NEMA  TRI-1974  Transformers,  Regulators,  and  Reactors 

2.4  National  Firg  Protection  Association  (NFPAl  Publication. 

NFPA  70  National  Electrical  Code 

2 . 5  Others . 

IEEE  400-1980  IEEE  Guide  for  Making  High  Direct  Voltage  Tests  on 

Power  Cable  Systems  in  the  Field 

NEESA  20.2-028a  PCB  Compliance,  Assessment,  and  Spill  Control 

Guide 

OPNAVINST  5090.1  Environmental  and  Natural  Resources  Protection 

Manual 

29  CFR  General  Industry  Safety  and  Health  Standards 
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•iC  CFR  253  Standards  Applicable  to  Transporters  of  Hatardous 

Waste 

40  CFR  172  Hazardous  Materials  Tables  and  Communications 

Standards 

49  CFR  173  General  Requirements  for  Shipping  and  Packaging 

40  CFR  751  Polychlorinated  Biphenyls  (1979) 

PWC  San  Diego  Utility  Standards 

Cal i fornia  CAC 

Title  22, 

Division  4  Environmental  Health 

MIL-P-28641  Primer  Coating,  Vinyl  Chlorine  Acetate,  Copolymer, 

High  Build  (for  steel  and  masonry) 

MIL-Q-9858A  Quality  Program  Requirements 

?.  TECHNICAL  REQUIREMENTS 

3.1  Gene*-al .  The  transformers  shall  have  low  loss  metal  core  and  shall 
be  three  pnase,  three-winding,  fluid-immersed,  self-cooled,  dead  front, 
suitable  for  installation  in  ors  or  outdoors,  or  as  specified  in  the 
individual  data  sheets  in  Appendix  A.  They  shall  have  primary  and 
secondary  compartments  that  shall  enclose  all  termination  devices  so  that 
no  live  parts  are  exposed  when  the  transformer  is  energized.  Unit 
substation  transformer  installations  are  exempt  from  the  dead  front 
requirement.  The  transformer  and  installation  shall  meet  all  applicable 
requirements  of  the  ANSI,  ASTM,  NEC,  and  NEMA  publications  as  specified 
herein.  The  transformer  shall  be  of  new  construction.  The  successful 
bicaer  shall  be  responsible  for  all  field  modifications  and  measurements 
and  provide  installation  and  checkout,  and  turn  the  transformer  over  to 
the  operations  department,  PWC  San  Diego,  through  the  EG&G  Idaho,  Inc. 
Resident  Engineer  ready  for  operation. 
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3.2  E''ect'"-ca1  P-cducts.  All  materials,  appliances,  equipment,  or 
devices  shall  be  new  and  conform  to  the  applicable  standards  of  the 
Underwriter's  Laboratories,  Inc.  (UL)  and  applicable  chapters  of  the 
National  Electrical  Code  (NFPA  70),  wnere  such  standards  exist.  All 
materials,  appliances,  equipment,  or  devices  shall  be  listed  and/or 
labeled  by  UL,  where  such  standards  exist. 

3.3  Condition  of  Products.  Except  as  otherwise  indicated,  new  electrical 
products  free  of  defects  and  harmful  deterioration  shall  be  provided  at 
the  time  of  installation.  Each  product  provided  shall  be  complete  with 
trim,  accessories,  finish  guards,  safety  devices,  and  similar  components 
specified  or  recognized  as  integral  parts  of  the  product,  or  required  by 
the  governing  regulations. 

3.4  Uniformity.  Where  multiple  units  of  a  product  are  required  for  the 
electrical  work,  identical  products  shall  be  provided  by  t^e  same 
certified  and  approved  manufacturer  without  variations  except  for  sizes 
and  specific  variations  as  indicated. 

3.5  Test  Point  Observation.  The  successful  bidder  shall  supply  EG&G 
Idaho  with  a  flow  sheet  for  the  manufacture  of  each  transformer  indicating 
all  test  points.  The  successful  bidder  shall  notify  EG&G  Idaho,  in 
writing,  of  the  date  that  each  test  will  be  conducted  at  least  14  days 
before  that  test  and  will  admit  EG&G  Idaho  and  government  representatives 
to  witness  the  tests. 

3.6  Performance  Requirements.  Each  transformer  shall  comply  with  the 
following  performance  requirements  as  specified  in  ANSI-C57  12.00,  except 
as  noted  in  the  data  sheets  in  Appendix  A. 

Transformer  Rating  As  specif. ed  in  Appendix  A. 

Auxiliary  Cooling  Forced  air  provisions,  fan  mounts,  and 

temperature  sensor  access  points  as  a 
minimum  shall  be  provided  for  future. 

Refer  to  the  data  sheets  in  Appendix  A  for 
special  instructions. 
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Pr'iT.ary  Voltage 

Primary  Connection 
Frequency  and  Phase 
Secondary  Voltage 
Secondary  Connection 

Insulating  Liquid 


As  soecified  in  Appencix  A.  Note  special 
dual  voltage  requirements. 

As  specified  in  Appendix  A. 

60  Hertz,  3  Phase 

As  specified  in  Appendix  A. 

Wye  connection  with  neutral  to  be  brought 
out  through  an  insulated  bushing  with 
external  ground  strap. 

The  insulating  liquid  shall  be  "less 
flammable"  as  defined  in  the  NFPA  with 
284*C  minimum  flashpoint  and  312*C 
minimum  firepoint  and  shall  have  less  than 
30  ppm  water  content  per  ASTM  D-4625.  The 
liquid  shall  be  as  specified  in  the  data 
sheets;  however,  evaluated  options  of 
alternatives  will  be  considered  if  they  are 
to  the  best  advantage  of  the  U.S. 
Government. 

Silicone  liquid  with  300*C  minimum 
flashpoint  and  340*C  minimum  firepoint 
and  shall  have  less  than  30  ppm  water 
content  per  ASTM  D-4652.  Askarel  and 
insulating  liquids  containing  PCBs  shall 
not  be  provided. 


or 

The  insulating  liquid  shall  be  RTEMP  with 
284*C  minimum  flashpoint  and  312*C 
minimum  firepoint  and  shall  have  less  than 
5  ppm  water  content. 
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Insulating  Paper 

Temperature  Rise 
Taps  -  No  Load 

Insulation  Levels 
Primary  Voltage 


Secondary  Voltage 


Core  Material 
(General ) 
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There  shall  be  less  than  1%  moisture  by  dry 
weight  in  the  paper  insulation. 

55*C  per  NEMA  TRI-1974. 

Minimum  of  five  full  capacity  high  voltage 
taps  (two  2-1/2%  taps  above  and  two  2  1/2% 
taps  below  normal  voltage  and  tap  position 
indicators) . 


95  KV  BIL  for  Insulation  Class  15  KV  and  75 
KV  BIL  for  Insulation  Class  5  KV,  Based  on 
specific  voltage  ratings,  which  are  in  the 
data  sheets  in  Appendix  A. 

30  KV  BIL  for  Insulation  Class  600  V.'  For 
specific  voltage  ratings,  see  the  data  sheets 
in  Appendix  A. 

The  core  shall  be  constructed  of  low  loss 
silicon  steel  sheets  except  where  specified 
as  amorphous.  The  specific  type  of  low  loss 
silicon  steel  is  to  be  determined  by  the 
manufacturer  to  meet  the  lowest  total 
operating  costs  and  optimize  no-load  losses. 
However,  the  intent  of  this  replacement 
program  is  to  install  advanced  technology 
transformers  wherever  it  is  economically 
feasible.  The  use  of  amorphous  metal,  laser 
etched  steel,  or  other  advanced  technology 
core  material  is  encouraged  in  order  to  meet 
low  operating  cost  criteria. 
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Core  Material 
(Amorphous) 


Impedance 
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Tt>o  foltQw^no  app'^'-es  to  these  t'^ars^or'^e’'s 
specified  as  a'"c*'p*''cus  core.  The  transferee’' 
shall  be  constructed  of  low  loss  amorphous 
metal.  The  complete  core  assembly  shall  be 
fully  encapsulated  with  a  protective  coating 
of  approved  material  to  eliminate  sharp  edges 
and  prevent  flaking  particles  from  entering 
the  coolant  during  normal  operation.  The 
no-load  losses  shall  be  less  than  45/i  of 
those  no-load  losses  of  comparable  silicon 
steel  core  designs.  It  is  known  that  a  wound 
core  is  standard.  However,  a  few  of  the 
options  in  the  data  sheet  specifically 
require  stacked  core.  This  stacked  core  will 
be  treated  as  a  research  project  to  get  a 
"new*  technology  unit.  The  other  amorphous 
core  device  can  be  wound  (or  stacked)  at  the 
manufacturer's  discretion. 

As  specified  in  the  data  sheets  in  appendix  A 
with  the  following  guidelines: 

1.  The  minimum  allowable  impedance  for 
transformers  750  KVA  and  above  is  4.0 
percent. 

2.  The  minimum  allowable  impedance  for 
transformers  500  KVA  is  3.5  percent. 

3.  The  tolerance  is  +/-  7  1/2  %  except  for 
the  transformers  with  dual  rated  primaries 
which  shall  have  an  impedance  tolerance  of 
+/-  10  % 

The  no-load  losses  (core  losses)  shall  be 
optimized  per  the  evaluation  formula  provided 
in  the  bid  package/Request  For  Proposal 

(RFP). 
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Load  Loss  The  load  losses  (winding  losses)  shall  be 

optimized  per  the  loss  evaluation  formula 
provided  in  the  bid  package/RFP. 

Sound  Level  Shall  not  exceed  noise  level  per  NEMA 

standards. 

3 . 7  Envi ^onmental  Conditions. 

Elevat'  50  feet  above  sea  level 

Location  Indoor/outdoor  (See  Appendix  A.) 

Temperature  Range  O'C  to  40*C 


3.8  Accessories .  The  transformer  shall  have  the  following  accessories  as 
a  minimum.  The  accessories  shall  be  constructed  and  located  as  described 
in  ANSI-C57  12.00. 

•  Elbow  terminators,  fuses,  load  break  switches,  and  tap 
changers  as  called  out  in  Section  3.6,  primary  connection 
section,  and  per  individual  data  sheets  in  Appendix  A. 

•  Magnetic  liquid  level  gauge  with  25*C  level  marking. 

•  Dial  type  thermometer  with  alarm  contact  of  sufficient 
capacity  to  control  the  future  fan  contactor  and  an  additional 
contact  for  a  future  utility  control  system. 

•  Pressure  -  both  a  vacuum  bleeder  device  and  a  high  volume 
pressure  relief  device  rated  at  a  minimum  of  100  SCFM  at 

15  psi.  Additional  pressure  relief  capacity  will  be  required 
and  installed  per  UL  classification,  if  RTEMP  fluid  is  used. 
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1  inch  NPT  boss  and  plug  in  tank  top  situated  such  that  a  1/2 
inch  fiberglass  instrument  red  could  be  inserted  (in  the 
future  by  others)  into  the  fluid  (straight  down)  without 
contacting  any  part  of  the  bus  or  core  assembly. 

Upper  Filler  Connection  -  1  inch  nipple  with  plug. 

Drain  Valve  -  1  inch  globe  valve. 

Lower  Sampling  Valve  -  min.  3/8  inch  at  tank  bottom  (may  be 
part  of  drain  valve  assembly). 

Upper  Sampling  Port  -  min.  3/8  inch  boss  in  tank  wall  and 
valve  (with  cap)  approximately  1  inch  below  top  fluid  level  to 
allow  future  diagnostic  instrumentation  access  (by  others). 

Lifting,  moving,  and  jacking  provisions. 

Stainless  steel/aluminum  nameplate  with  information  required 
in  ANSI-C57  12.00  at  two  locations;  one  on  the  transformer 
exterior  and  one  in  the  secondary  cubicle,  (note:  stainless 
steel  is  preferred) 

A  junction  box  shall  be  located  on  the  transformer  nameplate 
side  and  contain  a  terminal  board  for  all  electrical  circuits 
entering  or  leaving  the  junction  box.  The  junction  box  shall 
have  a  hinged  door  with  a  gasket  and  a  handle  with  provisions 
for  padlocking.  All  electrical  circuits  from  components 
mounted  within  the  transformer  shall  run  to  this  terminal 
board. 

An  optional  top  oil  temperature  sensing  thermocouple  shall  be 
mounted  in  the  prevailing  transformer  top  oil  thermal  hot 
spot.  As  a  minimum,  the  thermal  well  housing  must  be 
included,  even  if  the  optional  top  oil  temperature  sensing 
thermocouple  is  not  added.  The  thermocouple  shall  be 
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installed  in  a  thernal  well  housing  that  will  allow 
maintenance.  This  thermocouple  will  provide  input  to  an 
electronic  temperature  monitor.  This  instrument  shall  respond 
to  the  top  oil  temperature  and  automatically  display  this 
reading.  An  analog  meter  shall  continuously  display  the  top 
oil  temperature  and  indicate  the  maximum  temperature  reached 
over  a  period  of  time.  Light  emitting  diodes  are  not 
acceptable.  The  highest  temperature  shall  also  be  used  to 
initiate  alarm  and  trip  functions  and  is  stored  for  future 
recall  until  the  maximum  temperature  memory  is  cleared.  Fail 
safe  alarm  relay  circuits  automatically  actuate  if  supply 
power  has  been  lost.  Maximum  temperature  can  be  recalled  even 
if  supply  power  has  been  interrupted.  A  self-test  procedure 
allows  set  points  to  be  de*  -mined  and  their  operation 
verified.  Alarm  and  trip  i.t  points  will  be  tested  from  the 
front  panel.  Open  thermocouple  circuits  are  detected  and 
indicated,  but  do  not  affect  instrument  operation.  Manual 
control  of  alarm  and  test  functions  shall  be  provided.  All 
input  and  output  connections  shall  be  made  to  the  terminal 
blocks  on  the  back. of  the  instrument.  The  set  points  of  this 
thermal  device  shall  be  adjustable,  and  two  sets  of  alarm  and 
trip  contacts  shall  be  provided.  The  alarm  contacts  on  the 
temperature  indicator  shall  be  factory  wired  and  brought  out 
to  terminal  blocks  on  the  exterior  of  the  tr^  Former 
enclosure.  The  terminal  blocks  shall  be  mour,  d  in  the 
junction  box.  A  thermometer  with  a  remote  sensing  bulb  is  not 
acceptable.  The  thermocouple  shall  be  removable  without 
disconnecting  the  electrical  wiring.  The  temperature  monitor 
system  shall  be  graduated  -n  degrees  centigrade  and  shall  be 
tested  at  200*C  before  installing  on  the  transformer.  The 
thermally  operated  device  shall  be  coordinated  with  the 
transformer  design  and  shall  be  connected  and  set  to  function 
as  follows: 

First  stage  shall  be  adjustable  and  set  at  75*C 
temperature  at  which  the  substation  audible  bell  alarm 
can  be  activated  {connected  in  future  by  others). 
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Second  stage  shall  be  adjustable  and  set  at  lOO’C 
temperature  at  which  the  transformer  is  isolated  by 
removing  the  electric  load  and  tripping  all  the  power 
circuit  breakers  via  the  circuit  breakers'  shunt  trip 
coils  {connected  in  future  by  others). 

3.9  Tank  Construction.  The  tank  shall  be  of  welded  steel  construction 
designed  to  withstand  a  pressure  25/i  greater  than  the  maximum  operating 
pressure  and  normal  working  vacuum.  The  cover  shall  be  provided  with 
access  holes  or  manholes,  lifting  eyes,  and  pressure  relief.  The  base 
shall  permit  rolling  or  skidding  with  pulling  eyes  and  be  equipped  with 
ground  pad. 

3.10  Paint.  The  color  of  the  finished  transformer  shall  be  C37.20 
Federal  Standard  595  dark  forest  green  enamel. 

3.11  Mi  seel aneous  Reouirements . 

3.11.1  Insulated  Phase  Barriers.  Primary  and  secondary  insulated 
phase  barriers  shall  be  provided. 

3.11.2  Undercoating.  Transformers,  which  have  bases  that  come  in 
contact  with  concrete,  shall  have  the  underside  of  their  bases  coated  with 
a  corrosion  resistant  coating  that  conforms  to  Military  Specification 
MIL-P-28641  (or  an  equivalent)  with  a  minimum  thickness  of  4  mils. 

3.11.3  Warning  Signs.  In  accordance  with  ANSI  Z35.1,  warning  signs 
shall  be  provided  for  the  enclosures  of  electrical  transformers  having  a 
nominal  voltage  rating  of  500  volts  or  above. 

3.12  Provisions  fo*"  Fan  Cooling.  The  transformer,  500  KVA  and  larger, 
shall  have  provisions  for  future  fan  cooling  (by  others).  As  a  minimum, 
fan  mounting  brackets  and  dial  thermometers  with  control  contacts  shall  be 
provided. 
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3.13  Test ' nci .  The  following  tests  shall  be  performed  in  accordance  with 
NEMA  TRI,  ANSI-C57  12.90,  and  ASTM  Stancaras  as  listed  by  the  associated 
tests.  All  testing,  except  the  field  tests,  shall  be  done  at  the  factory, 
and  the  certified  results  shall  be  submitted  to  the  buyer  for  approval 
before  shipment  of  the  transformer.  Field  tests  shall  be  performed 
unless  specifically  denied  by  EG&G  Idaho  and  shall  also  have  certified 
test  procedures  and  results  if  opted  by  EG&G  Idaho.  All  testing  included 
in  this  Specification  shall  be  performed  and  costs  m^ist  be  included  in  the 
transformer  purchase  price. 

The  purchaser  reserves  the  right  to  witness  any  or  all  tests,  and  the 
vendor  shall  notify  the  purchaser  14  days  in  advance  of  the  date  for 
conducting  any  test  (see  Section  3.5). 

Field  tests  shall  be  conducted  by  representatives  of  the  manufacturer 
and  shall  be  completed  after  the  transformer  has  been  set  in  place  and 
before  the  primary  and  secondary  connections  are  made.  These  tests  shall 
be  as  described  in  Section  3.13.3. 


The  tests  below  shall  be  made  on  the  transformer  as  a  minimum 
requirement.  The  order  of  listing  does  r  t  necessarily  indicate  the 
sequence  in  -'hich  the  tests  shall  be  conducted. 


3.13.1  Coolant  Tests. 


ASTM  D-877 
ASTM  D-923 
ASTM  D-924 
ASTM  D-974 
ASTM  D-1533 
ASTM  D-2225 


Dielectric  Breakdown  Voltage 
Sampling  Electrical  Insulating  Liquids 
Power  Factor 
Neutralization  Number 

Water  in  Insulating  Liquid  (field  test  only) 
Silicone  Fluids  if  Silicone. 


PCB  contamination  certification  requires  stating  either  that  PCB 
content  is  less  than  5  ppm  or  that  the  transformer  is  PCB  free  and 
contains  no  PCB.  A  stainless  steel  label  clearly  stating  the  PCB  content 
shall  be  attached  to  the  transformer. 
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3.13.2  ""^sts. 

1.  Coil  resistance  measurements  of  all  windings  on  the  rated 
voltage  connection  and  at  the  tap  extremes. 

2.  Turns  ratio  test  on  the  rated  voltage  connection. 

3.  Polarity  and  phase  relation  tests  on  the  rated  voltage 
connection. 

4.  No-load  loss  at  rated  secondary  voltage  on  the  secondary 
voltage  connection  (field  and  factory  test). 

5.  Exciting  current  at  rated  voltage  on  the  rated  voltage 
connection. 

6.  Impedance  and  load  loss  at  rated  current  on  the  rated  voltage 
connection  and  on  tap  extremes. 

7.  Temperature  tests  under  conditions  specified  in  ANSI 

Standards  for  transformers.  (Typical  temperature  rise  of  the 
"exact"  design  may  be  substituted  with  written  approval.) 

Applied  potential  test. 

9.  Induced  potential  test. 

10.  Impulse  test. 

11.  Insulation  power  factor. 

3.13.3  Field  Tests.  Field  tests  shall  be  performed  as  part  of 
installation.  Test  reports  shall  be  certified  for  methodology  and 
accuracy. 


No-load  loss  as  measured  from  the  secondary  winding  at  ambient 
temperature  (ANSI-C57  12.90).  Record  both  ambient  and  top  oil 
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temperatures.  Conduct  this  test  on  both  existing  transformers  to 
be  removed  and  the  new  transformers .  Record  ambient  temperature  on 
the  test  reports. 

.  Water  content  in  oil  at  ambient  temperature  (ASTM  D-1533).  Record 
both  ambient  and  top  oil  temperatures. 

.  Insulation  power  factor  {Method  II  ANSI-C57  12,90,  Section  10.9) 
Doble  Test  or  equal.  (Insulation  power  factor  to  be  0.9  or  less.) 

•  Before  energizing  the  transformer,  test  the  transformer  turn  ratio 
(TTR)  at  all  tap  settings.  Megger  all  leads  before  connecting  them 
to  the  transformer  and  check  the  leads  for  grounds  using  VOM  before 
any  connections  are  made.  Any  lead  with  a  Megger  reading  of  less 
than  10  megohms  shall  be  replaced. 

4.  QUALITY  ASSURANCE  PROVISIONS 

Unless  otherwise  specified,  the  supplier  is  responsible  for  all 
examinations  and  inspections  as  specified  herein.  The  vendor  shall 
maintain  a  Quality  Assurance  Program  in  accordance  with  MIL-C,-9858A  or  an 
approved  equal  during  the  performance  of  the  contract,  which  provides 
adequate  quality  assurance  and  control  throughout  design,  fabrication, 
testing,  inspection,  and  shipping  of  the  transformer.  The  vendor  shall 
provide  the  documents  describing  the  Quality  Assurance  Program  and 
containing  the  procedure  that  will  be  invoked  to  comply  with  the  above. 

An  Inspection  and  Test  Procedure  shall  be  prepared  and  submitted  to  the 
buyer  for  approval.  Final  inspection  and  test  reports  as  required  by  this 
Specification  shall  be  submitted  to  the  buyer  for  approval.  The  vendor 
shall  maintain  a  calibration  system  for  the  periodic  calibration  of  test 
instruments  to  standards  traceable  to  the  National  Bureau  of  Standards. 

Vendor  data  shall  be  submitted  per  attached  "Vendor  Data  Requirements 
Lists"  (see  Appendix  B) . 
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5.  PACKAGING 

The  transformer  shall  be  prepared  for  shipment  within  the  Continental 
United  States.  All  accessories  shall  be  protected  from  damage.  Tne 
transformer  shall  be  sealed  to  prevent  entry  of  moisture  or  foreign 
materials  during  shipment.  Documents  as  indicated  in  Appendix  B  shall  be 
required.  Shipping  is  the  responsibility  of  the  supplier  as  part  of  the 
total  installation  package. 


6.  SUBMITTALS 

Within  30  days  of  receipt  of  the  order,  the  vendo**  shall  furnish  the 
purchaser  with  all  necessary  outline  drawings  and  weights  of  the 
transformers. 

6.1  Shop  Drawings  and  Manufacturer's  Data.  Shop  drawings  for 
transformers  shall  indicate,  but  shall  not  be  limited  to,  the  following: 

Overall  dimensions,  front  view,  interfaces  with  existing 
equipment,  and  sectional  views. 

Ratings  and  sizes  of  lugs,  impedance,  taps,  and  fans  if 
appl icable. 

Manufacturer's  published  information  on  the  main  secondary  breaker 
and  feeder  devices  at  each  transformer  to  allow  owner  to  review 
settings,  which  will  ensure  that  proper  protection  and 
coordination  will  be  acl^'eved. 

Complete  list  of  spare  parts  and/or  supplies  with  current  unit 
prices  and  source  of  supply. 

6.2  Ce’-tified  Laboratory  Test  Data.  Certified  copies  of  reports  of  all 
tests  shall  be  submitted  as  required. 
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6.2.1  Tra^s^c>-"e*~  "^ests .  Transformer  test,  shall  be  performed  :n 

accordance  with  the  ANSI-C57  12. SO  -  for  liquid  filled  (ANSI-C57  12. SI  - 
for  dr>-type)  standard  test  code  and  Section  3.13.  Certified  copies  of 
test  data  for  the  following  tests  shall  be  submitted  and  shall  receive 
approval  be*ore  cel i very  of  equipment  to  the  project  site.  Field  test 
data  sheets  shall  be  submitted  within  14  days  after  test  completion. 

7.  DEMOLITION  AND  CONSTRUCTION 

7.1  Demolition  and  Construction  General  Reoui ’^ements .  The  vendor  shall 
furnish  technical  personnel  to  be  present  at  the  site  to  perform,  as  a 
minimum,  the  following  tasks  {see  Appendix  C).  Permits  for  PCB  fluid  and 
transformer  casing  transport  shall  be  obtained  by  the  successful  bidder 
before  removal.  Note  that  OSHA  regulations  require  workers  handling  PCBs 
to  be  properly  trained  and  certified. 

Request  and  have  operating  Contractor  (PWC  personnel)  de-energize 
the  existing  transformers. 

Test  the  existing  transformers  for  no-load  loss,  record  data,  and 
submit  in  writing  to  the  Resident  Engineer, 

Drain  the  PCB  fluid  from  each  transformer  into  approved  drums, 
seal,  and  deliver  it  to  the  interim  hazardous  waste  storage  area 
at  the  base. 

Purge  the  transformer  case  with  dry  nitrogen  gas  and  seal. 

Remove  and  deliver  the  transformers  to  the  interim  hazardous  waste 
storage  area  at  the  base,  as  designated  by  the  Resident  Engineer. 

Provide  and  install  new  transformers  and  test  per  Section  3.13.3. 

Request  PWC  personnel  to  energize  the  system. 
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Verify  proper  cpe-af:on  and  turn  tr’e  ope''ating  transformer  over  to 
EjSG  Idaho  for  remanding  to  PWC  San  Diego. 

The  EG&G  Idaho  Resident  Engineer  shall  coordinate  all  outages  and 
provide  interface  between  the  successful  bidder's,  installers,  and  tne 
operating  Contractor  (PWC).  PWC  Cooe  64C  is  responsible  for  manifesting 
all  PCB  (hazardous  waste)  activity,  and  PWC  shall  be  contacted  through  the 
EG&G  Idaho  Resident  Engineer. 

7.2  Draining .  Service  shall  include  removal,  packaging,  and  transporting 
[to  a  Defense  Reutilization  and  Maintenance  organization  (DRMO)  hazardous 
waste  staging  area]  of  the  PCB  or  PCB  contaminated  fluid  initially  drained 
from  the  transformers.  DRMO  waste  shall  be  clearly  labeled  with  contents, 
level  of  contamination,  its  source,  and  manifested  by  PWC  Code  640. 

The  Subcontractor  must  review  and  comply  with  the  minimum  Outline 
Spill  Prevention,  Control,  and  Countermeasures  (SPCC)  Plan  before  draining* 
fluid  from  a  liquid  cooled  transformer  (see  Appendix  D).  Appendix  D 
details  the  SPCC  requirements  that  the  Subcontractor  must  observe, 

7.3  Transportation  and  Disposal.  All  hazardous  waste  material  shall,  as 
a  minimum,  be  contained  in  Department  of  Transportation  (DOT)  approved 
containers  from  point  of  removal  until  delivered  to  the  final  disposal 
site.  The  following  are  methods  of  handling  the  wastes  and  are  subject  to 
the  requirements  of  40  CFR,  Part  263  and  49  CFR,  Parts  172  and  173  and 
shall  be  superseded  if  the  regulations  are  amended. 

1.  Drums  shall  be  DOT  approved  for  hazardous  waste:  17E  for 
fluids,  17H  for  porous  solids,  and  17H  for  rags  and  solvent. 

2.  Bulk  containers  shall  be  six  sided,  welded  steel 
construction,  lined  with  a  minimum  of  10  mil  plastic  sheet, 
and  watertight.  The  container  shall  be  handled  by  a  truck 
specially  fitted  to  transport  the  container  from  generation 
point  to  disposal  point. 
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TRANSFORMER  DATA  SHEET 


Transfcrnier  Icer.ti  fica'ion  -*PWC£g-OLD^  :o£?-NEW _ 

Location  _ BLDG  9A  outdoors 

S-:e  _ ^50/!G00  KVA _ 


Primary  Vcitage 


l.tr-A  KV  DUAL 


Primary  Winding  Type 
Seconcary  Voltage 
Secondary  Wincing  Type 
Percent  Impecance 
Primary  Switch 


DELTA 


dSO  V 


WYE-GROUNDED 


NEW  3  POLE  15  KV  600  AF/300  AT  FUSED 
SWITCH _ 


Primary  Connection  PROVIDE  TRANSITION  CUBICLE  TO  NEW 

SWITCH _ 


Secondary  Connections 


Secondary  Breaker 
Maximum  No-Load  Loss 


PROVIDE  NEW  COPPER  BUS  CONNECTIONS 
TO  NEW  SECONDARY  SWITCHGEAR.  PROVIDE 
AND  INSTALL  NEW  SECONDARY  SWITCHGEAR 
PER  SKETCHES.  fSEE  APPENDIX  E  OF 

THIS  DOCUMENT.) _ 

PROVIDE  AND  INSTALL  NEW  SWITCHGEAR 

PER  AHACHED  SKETCHES _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Maximum  Full -Load  Loss  DETERMINED  PER  LOSS  ET'ALUATION  IN  RFP 


This  is  a  replacement  of  transformer  PWC  #69,  an  existing  500  KVA 
phase  A80  V  PCB  transformer. 

Supply  fan  to  achieve  higher  rating. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2*00  VAC  primary  must  be  supplied.  I 
the  option  is  exercised  then  taps  shall  be  provioed  for  the  higher 
rating  (12  KV). 
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-arsrar-e; 


Location 


S '  22 


?’''T,ary  Vo'tage 
Primary  Winding  Type 
Secondary  Voltage 
Seconcary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ ago  V _ 

_ _ 

_ ;ce/!20  V _ 

_ W'^F-GRCUNCFD _ 

_ 3  _  g _ 

_ M/a _ 

NFW  FEE?  gpOH  NFW  SWITCHGEAR _ 

(S;,;^C.6U _ 

NFW  CJ^gi-F  CONDUIT  CONNECTIONS  TO 
EXISTING  SWITCHGEAR  (2  ciacesi _ 

EXISTING  BRE.^KER  PER  A^TACHET  SKETCH 

DETERMINED  PER  LOSS  EVALUATION  IN  RF^ 

DETERMINED  PER  LOSS  EVftLUA’ICN  IN  RFO 


Consolidation  replacement  of  existing  PCE  transformers  (?70  and 
#72).  See  sketches  SD  1,  2,  and  3  for  additional  information. 
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Transformer  Icen 


ES-5:335 

TRANSFORMER  DATA  SHEET 
tifi cation  'pwc:5-OLD^  c::5-new 


Location 
Si  ze 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ BLDG  3A2  _ 

_ ::2.5  KVA _ ^ 

_ 2.a/:2  kv  dual  *** 

_ DELTA _ 

_ A8C/277  V _ 

_ WYE-GROUNDED _ 

_ _ 

NEW  3  POLE  I5KV  5DAF  FUSED _ 

TRANSITION  AND  CABLE  TO  NEW  SWITCH 

REUSE  EXISTING  —  SPLICE  TERMINATION 

FOR  CONNECTIONS  TO  EXISTING _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  -NO  CHANGES 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Reolacement  of  existing  112.5  KVA  PCB  transformer. 

Optionally  propose  and  construct  this  unit  with  an  amorphous  stacked 
core,  as  per  specification. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2A00  VAC  primary  must  be  supplied.  If 
tne  option  is  exercised  then  taps  shall  be  proviaed  for  the  higher 
rating  (12  KV) . 
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Transfor^ier  Icenf:  fi cation 


Location 

Sire 


^pwc-c-OLD^  ::cg-NrtJ 

_ 3L0G  A73 

_ ::2.5  <VA 


Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Imoedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
h  .mum  Full -Load  Loss  ■ 


2. A  tcv _ 

DELTA _ 

208/120 

WYE-GROUNDED 


REUSE  EXISTING  SWITCH _ 

NEW  TRANSITION  TO  EXISTING  SWITCH 

PROVIDE  AND  INSTALL  NEW  SECONDARY 
TRANSITION  CUBICLE _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacement  of  existing  PCB  transformer. 


?r:nrary  Winding  Type  _ _ 

Secondary  Voltage  _ -SC  T~~  V 

Secondary  Winding  Type  _ jr.C'JNCED 


Percent  Lr.pedanca 
Primary  Switch 
Primary  connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Lnad  Loss 
Maximum  FuTI-Lcad  Loss 


REUSE  OF  EXISTING  SWi^CH _ *** 

NEW  TRANSnON  TO  EXIS'.NG  SWITCH 

COPPER  BUS  CDNNEC’TONS  tq  nEW _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  AND  SWITCH- 
GEAR _ m 

CrERMINEO  PER  LOSS  EVAIJJATtqn  In  RPP 


DETERMINED  PER  LOSS  EVALUATION  IN 


This  wiTT  reolace  existing  PCS  1500  KVA  transformer. 

Use  corrosion  resistant  external  packaging,  NEMA  3R  minimum.  Also 
provide  octicnal  cost  to  include  stainless  steel  rain  cao. 

Include  cost  proposal  to  replace  these  switches  as  an  option. 
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in 


eccncarv  Voitace 


If 

*•  w  '  c  .  ^ 


Seccrdary  Wincing  ”y;e 


Vvr.ncnM»;[;r;3 


Percent  I.Tcedsnca 


Primarv  Switcn 


6G0  ft _ 


Primary  Connection 
Secondary  Connections 


TPANS^TCN  -PpM  EXIS’iNG  SWITCH 

ppovrgE  PND  :ns~all  npw  co^^nec'^icns 

’3  EXISTING  SwrTCHCE^P  EXPEND 
REQUIRED _ 


Secondary  Breaker 


REUSE  EXIS’IMG  geo  P  SECCMPP?.^ 
SPEAk-P  PNC  sw!*::-se:r _ 


Maximum  No-Load  Loss 


DETERMINED  PER  LOSS  EVALUP'~TDN  IN  P'^p 


Maximum  Full -Load  Loss  rr~ER»^!NED  pEp  IDSS  EVPIUA’ICN  :v  RPp 


Replacing  existing  50C  KVA  ?C3  transformer. 


No  diacram  provided. 


TF^-.NSFCRy.ER  CAT;  £HEE' 


.  rarsror^er  .csnt'iricaflon 

Lccation 

Size 

Priziary  Voltaca 
?r:;nary  Winding  Type 


■  -«'CC~  -CLC  ^ _ ^ECC-  -‘’"W 


2 1  2  ^ 


<7 


nn  ’’i 


Secondary  Voltage 
Secondary  Winding  Type 


Age  V _ 

y^E-dPOUNCi^n 


Percent  Ir.pedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


PPOVIDE  AND  INSTALL  NEW  !E  KV  C'-ASS 
crimarv  switch  and  nfw  •?  <v 

TRANSTTICN  TO  NEV  SWITCH _ 

NEV  COPPEP  BUS  CONNECTIONS  TO  N-W 
SWITCHGEAR _ 


P  &  I  NEW  SWITCHGEAR.  SEE  SKETCH 
SPEAKER  AND  SWrCHGEAR _ 

DETEPMIMED  PER  LOSS  EVAL'JATICN  IN 

DE^ER*"INED  PER  LOSS  EVALUATION  IN  P-J 


This^unU  is  replacing  an  existing  ICCO  KVA  PCS  filled  transformer. 
Supply  fans  to  acr.ieve  higher  rating. 
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TPWNSFORMER  DATA  SHEET 


Transformer  Identification  fPWC27-OLDi  CC2''B-NEW 
Location  _ BLDG  378-1 


Size 


500  KVA  * 


Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 


480  V _ 

DELTA _ 

20S  V _ 

WYE-GROUNDED 


Percent  Impedance 


5.75 


Primary  Switch 


PROVIDE  AND  INSTALL  NEW  SWITCHGEAR 
SEE  SKETCH _ 


Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 


TRANSITION  FROM  NEW  SWITCHGEAR _ 

NEW  COPPER  BUS  CONNECTIONS  TO  EXISTING  * 
SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN 


Maximum  Full -Load  Loss  DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

No  primary  voltage  taps  are  required  on  this  transformer  due  to  the  high 
current  level.  Note  requested  optional  price  for  addition  of  standard 
primary  voltage  taps  on  this  unit  in  the  pricing  schedule. 
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’RANSFCRME.^  :ATA  SHEET 

Transfcrr^er  Icentifi cation  ,''cwci?-gLT\  CZ^9-‘!t^' 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


4CC.I 

’SCO  kVa 

■  2  <7 _ 

rn  -i 

i80/27'^  V 
W^E-2PCl'N-ED 


REINSTALL  EXISTING  PRIMARY  SWITCH 

CONNECT  EXISTING  SWITCH _ 

NEW  COPPER  EUS  CONNECTIONS  TJ _ 

EXISTING  SWrCHGEAR _ 

existing  SWITCHGEAR _ 

DETERMINED  PEP  LOSS  EVALUATTCN  IN  RPP 

DETERMINED  PER  LOSS  EVALL’At“!ON  IN  RF? 


*  The  existing  PC3  unit  is  already  missing  and  will  not  have  to  te 
handled  as  part  of  this  changeout. 

Note:  This  unit  will  be  installed  in  an  existing  station.  The  installer 

will  have  to  remove  an  existing  temporary  transformer  and  place  it 
aside  for  removal  by  others  prior  to  instilling  the  new 
transformer.  The  installer  will  also  have  to  reinstall  the  existing 
primary  switch,  which  was  disconnected  while  the  temporary 
transformer  was  installed.  The  existing  temporary  transformer  is  a 
3750  KVA  unit  and  will  require  an  oversized  crane  to  lift  out  and 
set  on  the  ground.  This  unit  is  nonPCB  and  will  not  require 
additional  handling. 

No  diagram  provided. 
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Transformer  laenti float 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


TRANSFORMER  DATA  SHEET 
ion  fPWC:-22C. :.2-0LD^  C::-320-NEy 

_ BLDG  379-3 

_ 30D  KVA _ 

_ 2.A/:2  KV  DUAL 

_ DELTA _ 

_ 2A0  V _ 

_ WYE-GROUNDED 

_ _ 

REUSE  EXISTING  PRIMARY  SWITCH 

PROVIDE  NEW  CABLE  CONNECTIONS  TO 
EXISTING  SWITCH _ 


PROVIDE  NEW  CONDUIT  AND  CONDUCTORS  TO 
EXISTING  SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  new  three  phase  transformer  is  replacing  three  existing  167  KVA 
single  phase  PCB  transformers. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
*he  option  is  exercised,  the  2A00  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV) . 

There  are  three  oil -fused  contactors  wnich  are  feeding  the 
transformer  to  be  removed.  It  is  believed  that  the  three  contactors 
are  PCB-contaminated,  and  they  should  not  be  disturbed. 


A-45 


Ai  tiiAiKiii  n<(ii;i(Aii 


TR.ANSFGR,V£=!  C 


L  ^  I M  •  r"  ^  L  I 


rr.er  .rent 


cn 


Lccatic'. 


:  .  1 


a 


?r'~ary  Voltaca 
Primary  Wincing  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Less 
Maximum  Full -Load  Loss 


a.SQ  V 


"C2''  20  V 

_ W'-'F-noQ'JNDFD _ 

i .  5 

PPOVIOE  AND  INSTALL  NFW  A80  V  SPFAKFR 
IN  N£W  SWI^C.-GEaR.  see  SKETCHES _ 

SEE  S'<E-:hES _ 

TRANSI’^CN  "^0  existing  PCNEL _ 

REUSE  EXISTING _ 

DETERMINED  ^EP  LOSS  EVALUATION  IN  REP 

DETERMINED  PER  LOSS  EVALUA’ICN  IN  RFP 


This  unit  reolaces  the  existing  112.5  KVA  PC3  transformer. 

This  transfo"mer  will  be  installed  on  a  meitanine  located 
approximately  30  feet  AA".  Extra  rigging  and  PCB  handling  efrorts 
will  be  required. 
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TRANSFCRHES  DATA 


I  rar.srorrier 
Lccaticn 


s  ^  ^  ^ 


Size 


!  '■  2  ■  5  <VA 


Prir^ary  Vc'tace 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ .I.CO  V _ 

_ DEL'A _ 

_ ?A0  V _ 

_ WY£ _ 

_ _ 

PROVIDE  AND  INSTALL  NEW  ASP  V  BREAKER 
IN  NEW  SWIfCHGE-R.  SEE  SKETCHES. 

SEE  SKETCHES _ 

TRANSITION  TO  EXISTING  PANEL _ 

REUSE  EXISTING  BREAKER _ 

DETERMINED  PE=  LOSS  EVALUATION  IN  RF? 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  unit  is  replacing  the  existing  112.5  KVA  PC3  transformer. 

This  transformer  will  be  installed  on  a  mezzanine  located 
approximately  30  feet  AFF.  Extra  rigging  and  PC3  handling  efforts 
will  be  required. 
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APPENDIX  3  i 

1 

1 

VENDOR  DAT; 

reou:re.wents  list 

:| 

il 

-* 

No. of 

”  i 

When 

Copies 

Reference 

Approval i 

Description 

Required 

Required 

Paragraph 

Req'd.by; 

t 

Drawings,  sketches,  schematics 
and  other  data  shall  be 

BC 

12 

NA 

R 

AB/DE  I 

submitted  with  the  bid 
sufficient  for  evaluation  of 
contract  proposal . 

2. 

Quality  Manual  and  Procedures 

BC 

12 

4.0 

R 

AB/DE 

3. 

Inspection  and  Test  Procedures 

BFR 

12 

3.2,  3.10 

I 

AB/DE 

4. 

Inspection  and  Test  Results 

PS 

12 

3.10 

R 

AB/DE 

c 

Maintenance  manual  which 

PS 

12 

5.0 

I 

AB/DE 

includes  as  a  minimum: 
installation  instructions. 

• 

operating  instructions, 
preventive  and  corrective 

maintenance  tasks,  the 
frequency  of  each  task,  the 
tools,  equipment,  and 
procedures  with  special 
emphasis  on  safety  precautions 
for  the  accomplishments  of 

each  task. 

5. 

Priced  spare  parts  list  and 
recommended  spares. 

PS 

12 

5.0 

I 

AB/D 

7. 

Guaranteed  performance  data 
and  name  plate  data. 

PS 

12 

5.0 

I 

AB/DE 

8. 

As-built  shop  drawings  schema¬ 
tics  and  wiring  diagram. 

PS 

12 

5.0 

R 

AB/DE 

S. 

Installation  schedule. 

PS 

12 

5.0 

AB/DE 

10. 

PCS  fluid  disposal  plan  and 
certification. 

PS 

5.0 

AB/DE 

11. 

Spill  Prevention,  Control,  and 
Countermeasures  Plan 

BFR 

12 

NA 

R 

AB/DE 

12. 

Certification  for  Hazardous 
Waste  Handlers 

PS 

12 

1 

NA 

R 

AB/DE 

BFR 

-  Before  Fabrication  Release 

*  BC 

■  Before  contract  is  awarded 

PS 

■  Prior  to  Shipment 

R 

=  Reauirad 

■  Information  Only 

**  AB 

=  Approval  By  Buyer 

DE 

■  Approval  By  Design  Engineer 
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CCNSTR'JCTICN  DETAILS 


LECTRICAL  GENERAL  PRCVISICNS 


ART  1  -  GENERAL 
ESCRIPTICN  CF  WORK: 

Summary:  The  electrical  work  can  be  generally  summariced  in  the  following 
manner,  but  this  is  not  by  way  of  limitation: 

•  Obtain  permits  for  moving  hazardous  waste. 

•  Check  and  mark  phase  rotation  before  de-energizing  system. 

•  Have  PWC  personnel  de-energize  the  existing  transformers.  . 

•  Test  existing  transformer  for  no-load  losses.  Drain  the  PCS 
fluid  from  each  transformer  into  standard  DOT  approved  drums  and 
deliver  it  to  the  interim  hazardous  waste  storage  area  on  the 
base  as  designated  by  the  Resident  Engineer  (all  work  shall 
comply  with  OSHA  and  EPA  regulations). 

•  Purge  the  transformer  case  with  dry  nitrogen  and  seal. 

•  Deliver  the  existing  transformer  to  the  interim  hazardous  waste 
storage  area  on  the  base  (comply  with  OSHA  and  EPA  regulations). 

•  Provide  and  install  new  transformers. 

•  Connect  new  transformers  and  test. 

•  Request  PWC  personnel  to  energize  the  system. 

•  Verify  proper  operations  and  turn  the  operating  transformer  over 
to  EGiG  Idaho,  Inc.  for  remanding  to  PWC  San  Diego. 
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ANCILLARY  PRCCUCTS 


GENERAL 


Furnish  all  labor,  materials,  ecuipment,  and  appliances  recuired  to  complete 
the  installation  of  the  cnmolete  electrical  systems.  All  labor,  materials, 
service,  ecuipment,  and  workmanship  shall  conform  to  the  applicable  chapters 
of  the  NEC  (NFPA  70)  and  other  authorities  having  lawful  jurisdiction 
pertaining  to  the  work  required.  All  modifications  required  by  these  codes, 
rules,  regulations,  and  authorities  shall  be  made  by  the  Subcontractor 
without  acditional  charge  to  the  Contractor. 

Underwriter's  Laboratories  (UL):  All  materials,  appliances,  equipment,  or 
devices  shall  conform  to  the  applicable  standards  of  UL  where  such  standards 
exist.  AIT  material,  appliances,  equipment,  or  devices  shall  be  listed 
and/or  labeled  by  UL  where  such  standards  exist. 

Completed  electrical  system  shall  conform  with  applicable  provisions  of  the 
Special  Conditions,  the  Technical  Specification,  and  the  attached  subcontrac 
drawings. 

CONDITICS  OF  PRODUCTS; 

Except  as  otherwise:  indicated,  provide  new  e’ectrical  products,  free  of 
defects  and  harmful  deterioration  at  the  time  of  installation.  Provide  each 
product  complete  with  trim,  accessories,  finish  guards,  safety  devices,  and 
similar  components  specified  or  recognized  as  integral  parts  of  the  product, 
or  required  by  governing  regulations. 

UNIFORMITY: 

Where  multiple  units  of  a  product  are  required  for  the  electrical  work, 
provide  identical  products  by  the  same  manufacturer  without  variations  except 
for  sizes  and  similar  variations  as  indicated. 
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General:  It  Is  recognized  that  the  subcontract  dccur.ents  are  ci acrammati c  in 
showing  certain  physical  relationships  that  n:ust  be  established  witnin  the 
electrical  work  and  in  its  interface  with  other  work,  including  utilities  and 
mechanical  work,  and  that  sucn  establishment  is  the  exclusive  responsibility 
of  the  Subcontractor. 


Arrange  electrical  work  in  a  neat,  well -organized  manner  with  conduit  and 
similar  services  running  parallel  with  the  primary  lines  of  the  building 
construction  and  with  a  minimum  of  7  feet  overhead  clearance  where  possible. 

Locate  operating  and  control  equipment  properly  to  provide  easy  access  and 
arrange  entire  electrical  work  with  adequate  access  for  operation  and 
maintenance. 

RESIDES!  ENGINEER: 

The  EGiG  Idaho  Resident  Engineer  will  ensure  that  the  installation  complies 
with  drawings,  specifications,  and  witness  testing. 

TRANSFORMERS 

PART  1  -  GENERAL 
WORK  DESCRIPTION; 

Provide  and  install  transformers  of  sizes,  ratings,  and  types  as  shown  on  the 
referenced  data  sheets  and  engineering  specification. 
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MATERIALS: 

The  transforrers  snail  be  as  sncwn  on  the  attached  data  sheets  and  shall  be 
installed  at  the  location  incicated  on  the  drawings. 

The  transformer  enclosure  shall  be  suitable  for  the  environment  that  the 
transformer  is  installed  in. 

PART  3  -  EXECUTION 

INSTALLATION: 

Install  transformers  as  indicated  on  the  drawings  and  in  accordance  with 
manufacturer's  written  instructions,  applicable  requirements  of  NEC  and -the 
NEC  Association's  “Standa-d  of  Installation,"  and  complying  with  recognized 
industry  practices  to  ens«re  that  products  serve  intended  functions. 

TE.^TING; 

Visually  inspect  to  determine  that  equipment  installation  conforms  to  NEC, 
these  specifications,  and  the  drawings  and  testing  as  described  under  the 
testing  section  of  the  specification. 

GROUNDING 

PART  1  -  GENERAL 

WORK  DESCRIPTION: 

Provide  and  install  grounding  on  all  transformer  cases  and  tie  into  the 
existing  grounding  system. 
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-ART  2  -  =RC2'JC~S 

MATERIALS: 

Grounding  electrode  wi*'e  snail  be  a  .'ninirnu.m  of  No.  2  AiVG  care  stranded  coccer 
and  comply  wich  NEC  Taole  250-S4. 

Ground  grid  welds  shall  be  made  by  the  Thermit  process. 

PART  3  -  EKEC'JTIGN 
INSTALLATION; 

Install  a  complete  grounding  system  for  the  transformers  in  accordance  with 
applicable  requirements  of  NEC  and  complying  with  recognized  industry 
practices  to  ensure  that  products  serve  intended  functions  and  comply  wit-h 
requirements.  All  exposed  noncurrent-carrying  metallic  parts  of  electrical 
equipment,  conduits,  grounding  conductor  of  ncnmetallic  sheathed  cables,  and 
neutral  conductor  of  the  v/iring  system  shall  be  grounded. 

Exothermic  Welds:  Exothermic  welds  shall  be  made  in  accordance  with  the 
manufacturer's  written  recommendations.  No  mechanical  connector  is  required 
at  exothermic  weldments. 

TESTING: 

Visually  inspect  to  determine  that  ground  installation  conforms  to  NEC,  these 
specifications,  and  the  crawings. 

CABLE,  WIRE,  CONNECTORS  AND  MISCELLANEOUS  DEVICES 

PART  1  -  GENERAL 

WORK  DESCRIPTION: 


Prcvice  and  install  conduit  systems,  cables,  wires,  and  wiring  connectors  of 
sizes,  ratings,  materials,  and  types  as  shown  on  the  crawings. 


PAST  2  -  PPCC'JCTS 

WIRING  MATERIALS  5  KV  AND  15  KV  CLASS; 

All  £  KV  and  15  KV  cable  shall  be  shielded  and  properly  terr.inated.  Cable 
shall  be  £?R  MV-90  shielded  cable  and  shall  have  a  133%  insolation  level. 


HIGH  VOLTAGE  SPLICES; 

Splices  in  high  voltage  cables.  Splices  shall  be  suitable  for  continuous 
i.Tmersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 

Certification.  High  voltage  caole  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
all  cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  be  spliced.  The  Contractor  shall 
provide  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cables  shall  be  done 
by  the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  s''"tems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermop' -Stic  adhes; rt-seal ant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

Splices  in  High  Voltage  Cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 
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Kit  Metnocs.  High  voltage  splices  shall  be  .mace  using  a  "Kit,"  whicn  shall 
pe  tne  product  cf  one  manufacturer  anc  shall  have  the  approval  in  writing  cf 
the  manufacturer  of  the  cable  that  is  to  spliced.  The  contractor  shall 
provide  the  Contracting  Officer  or  Contractor's  Quality  Control 
representative  with  a  copy  of  the  manufacturer' s  instructions  before  splicing 
is  started.  Splices  shall  be  made  only  in  manholes. 

Splices  in  Shielded  Cables.  Splices  in  shielded  cables  shall  include 
covering  the  spliced  area  with  metallic  tape,  or  like  material,  to  the 
original  cable  shield  and  connecting  it  to  the  cable  on  each  side  of  the- 
slice.  Provide  a  No.  6  AWG  bare  copper  ground  connection  brought  out  in  a 
water  tight  manner  and  ground  to  a  3/4  inch  x  10  feet  ground  rod  as  part  of 
the  splice  installation.  Wire  shall  be  trained  to  the  sides  of  the  enclosure 
in  a  manner  to  avoid  interference  with  the  working  area. 

Phasing  and  Rotation.  Contractor  to  record  the  phasing  and  rotation  of  the 
existing  electrical  system  before  cable  splicing,  cable  removal,  termination, 
and/or  any  work  that  could  alter  the  phasing  and  rotation  of  the  system. 

After  completion  cf  the  work  and  before  connecting  any  load  to  the  system, 
the  contractor  snail  verify  that  the  phasing  and  rotation  is  as  it  existed 
and  has  not  been  altered. 


WIRING  MATERIALS,  5C0  V  CLASS: 

Conductors  shall  be  stranded  for  all  sizes  of  wire  and  cable. 

Conductors  shall  be  copper  for  all  sizes. 

Wire  insulation  shall  be  type  THHN/T'riWN  for  all  500  volt  conductors  unless 
otherwise  noted. 
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Miniri'jn  size  of  power  conductors  sr.a'l  be  No.  11. 

Solices  for  5C0  Volt  Cables.  Splices  in  underground  systerrs  shall  be  .-nade 
only  in  accessible  locations,  such  as  manholes  and  handholes,  using  a 
comoression  connector  of  the  conductor  and  Dy  insulating  and  water  proofing 
by  a  method  suitable  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  6C0  volt  and  less  cable  shall  be  done  by 
the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-seal  ant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

CONNECTORS: 

Compression  and/or  lug  type  connectors,  such  as  "Burndy",  shall  be  used  for 
splicing  No.  6,  and  larger  600  volt  cable. 

High  Voltage  Cable  Terminations,  IEEE  48,  Class  2.  Except  as  otherwise 
indicated,  terminators  for  extruded  insulation  nonmetallic  jacketed  cables 
shall  be  porcelain  insulator  type.  Apply  terminator  to  single  conductor 
cables  or  to  each  conductor  of  multiple  conductor  cable  that  are  to  the 
weather.  Terminator  shall  not  exude  any  filler  compound  under  either  test  or 
service.  The  terminator  shall  consist  of  a  porcelain  insulator,  cable 
connector-hoodnut  assemble,  and  aerial  lug,  as  required,  m.ital  body  and 
supporting  bracket,  sealed  cable  entrance,  and  internal  stress  relief  device 
for  shielded  cable,  and  insulating  filler  compound  or  material. 

Terminator,  Modular,  Molded  Rubber  Type.  IEEE  4S,  Class  2.  Provide 
terminator  as  specified  herein  for  terminating  single  conductor,  or  the 
single  conductor  of  multiconductors,  solid  insulated,  nonmetallic  jacketed 
type  cables  for  service  voltage  up  to  35  KV  outdoor.  The  terminator  shall 
consist  of  a  stress  control,  ground  clamp,  nontracking  rubber  skirts. 


rt.:-:  -t-? 
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Prcvice  heat-shrinkable 


e'dcw  sealing  acabtor  as  shewn  cn  plans,  allowing  the  -etallic  cable 
shielding  to  be  externally  grounded  and  sealed,  Seoarate  parts  of  copber  :r 
cepoer  alloy  shall  not  be  used  in  contact  with  aluminum  or  aluminum  alley 
parts  in  tne  construction  and  installation  of  the  terminator. 


Wire/Cevice  Identification:  All  cable  systems,  major  conduits,  and  devices 
shall  be  permanently  marked.  Conduits  shall  have  stainless  steel  tags  at 
every  60  feet  or  where  wall  or  building  penetrations  occur.  All  conductors 
shall  be  identified  with  sal f-adhering  oil  and  moisture  resistant  vinyl 
labels,  covered  with  clear  heat  shrink  tubing  or  white  heat  shrink  tubing 
with  black  typed  on  letters  with  nonsmearing  ink  as  manufactured  by  Brady, 
TiE.  or  approved  equal.  Hand  lettered  labels  shall  not  be  used.  All 
conductors  shall  be  clearly  marked  with  the  proper  phase  identification. 


CONDUIT  SYSTEM: 


All  conduits  shall  be  RGS  or  IMC  with  exception  of  underground,  which  can  be 
PVC,  and  which  shall  be  3  feet  minimum  below  grade  and  encased  in  2  inches 
minimum  red  concrete.  AIT  bends  must  be  RGS  or  IMC.  Conduit  systems  shall 
be  completed  per  the  NEC. 

PART  3  -  EXECUTION 

INSTALLATION: 


General:  Install  electrical  cable,  wire,  and  connectors  as  indicated  on  the 
crawincs,  in  accordance  with  the  manufacturer's  written  instructions, 
cpplicaple  requirements  of  NEC  and  NECA's  "Standard  of  Installation",  and  in 
accordance  with  recognized  industry  practices  to  ensure  products  serve 
intended  functions. 

Pull  conductors  together  where  more  than  one  is  being  installed  in  a  raceway. 
Do  not  exceed  the  conductor  manufacturer's  recommended  pulling  tension  or  as 
specified  in  the  IPCS  Handbook..  Use  pulling  compound  or  lubricant,  where 
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necessary;  ccmpound  must  not  deteriorate  conductor  or  installation,  '’ensicn 
snail  be  monitored  when  pulls  involve  more  than  -ic  feet  or  wnen  3  or  more  90 
degree  turns  are  in  the  system. 

Use  pulling  means  including  fish  taoe,  cable,  or  rope  which  cannot  carnage 
raceway. 

Install  splices  and  taps  in  an  accessible  junction  box  that  has  mechanical 
strength  and  insulation  rating  equival ent-or-better  than  conductor. 

Use  splice  and  tape  connectors  that  are  compatible  with  conductor  material. 

TESTING: 

High  Potential:  After  installation  and  installing  stress  cones,  all  15  KV 
cable  shall  be  tested  at  twice  the  normal  operating  voltage  plus  1000  vo-’ts. 
The  test  duration  shall  be  15  minutes  on  each  cable.  See  IEEE  standard 
400-1980  (IEEE  guide  for  making  high-direct-voltage  tests  on  power  cable 
systems  in  the  field). 

Meggering:  Before  terminating,  test  all  cable  or  wire  for  insulation 
resistance  with  500  volt  megger.  Any  wire  with  less  than  10  megohms  to 
ground  or  other  conductors  shall  be  replaced  before  p’-oceeding  with  the 
terminating.  List  conductors  tested  on  required  test  data  submittal  sheet. 

ELECTRICAL  CONnNUITY  AND  PHASE  ROTATION: 

After  conductor  connectors  are  installed  and  conductors  are  labeled,  but 
before  termination  to  terminals  or  devices,  an  electrical  continuity  test 
shall  be  performed  on  each  conductor  using  a  battery  powered  buzzer  o'- 
ohnmeter  to  determine  that  all  power,  control,  grounding,  and  other 
conductors  are  properly  installed  and  identified.  List  all  conductors  tested 
on  required  test  dat*.  submittal  sheets. 

After  initial  enerci_:ng  of  the  transformer,  ch?  ’or  proper  phase  rotation. 
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CLTLINE  SPILL  ^REVENTICN,  CONTROL,  ;^ND  COL'NTERf^EAS'JRES  PLAN 


SPILL  PEC'JI-E^EN^S 


~he  following  shall  be  perfornjed  before  the  start  of  and  curing  any 
fluid  removal  from  a  liquid  cooled  transformer  (i.e.,  PC3  filled,  oil 
filled,  or  silicone  filled). 

a.  A  layer  of  6  mil  polyethylene  sheeting  shall  be  placed  around  the 
transformer. 

b.  If  drains  are  present,  measures  will  be  taken  to  eliminate  the 
potential  for  any  fluids  from  entering  the  drains.  This 
includes,  but  is  not  limited  to,  constructing  a  dike,  trenching 
around  the  drain,  and/or  plugging  the  drain. 

c.  Before  pumping  the  fluids,  all  hoses  shall  be  inspected  for  any 
holes,  cracks,  or  deterioration.  Fittings  shall  be  inspected  to 
ensure  a  proper  connection.  Any  gaskets  utilized  in  the  pumping 
operations  shall  be  inspected  for  integrity.  Approved  hoses, 
pumps,  and  gaskets  shall  be  used. 

d.  Drip  pans  shall  be  placed  under  pumps  and  connections. 

e.  Pumps  and  hoses  shall  be  positioned  so  as  to  minimize  any 
tripping  hazard. 

f.  Personnel  will  monitor  the  pumping  operation  at  all  times. 

g.  An  adequate  supply  of  absorbent  materials  and  cleanup  equipment 
shall  be  readily  available  in  the  event  of  a  mishap. 
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This  Incluces  the  follcwina 


cut  not  limited  tc ; 


1.  Shovels 

2.  Brooms 

3.  SOT  drums:  17E,  17H,  and  65  gallon  recovery  crum 

i.  Ample  supply  of  rags 

5.  Vermiculite  (Soeedi-Dry) 

5.  Absorbent  booms  and/or  absorbent  pads 

7.  Assorted  corks,  plugs,  and  emergency  seals 

8.  Material  Safety  Data  Sheets  (MSDS). 

h.  All  safety  equipment  shall  be  inspected  before  use. 

CONTROL 

In  the  event  of  a  spill  or  leak,  the  following  procedure  shall  be 
implemented: 

a.  Stop  the  source  of  the  soill.  Below  is  a  list  of  probable  source 
of  spills  when  working  with  liquid  cooled  transformers,  and  the 
remedial  action  to  be  taken  to  eliminate  the  problem. 

Source  1.  T’-ans  •former 


1.  Location  of  leaks:  valves.  Remedial  action:  plug  valve 

to  reduce  or  stop  spill.  Pump  fluid  below  valve  and  replace 
faulty  valve. 

2.  Location  of  leak:  bushing.  Remedial  action:  Pump  fluid 

below  bushing  level.  Replace  gaskets,  or  if  necessary, 
replace  bushing. 
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3.  Location  of  leak:  tank  wall  or  radiator  pice.  Senecial 
action;  puT.p  f1did  below  leve;  of  leak  and  either  epoxv  or 
weld  close  the  leak  source.  If  the  source  of  the  leak  is 
SJiall,  a  vacuum  can  be  pulled  on  the  transformer  before 
acplying  the  epoxy  sealant  r  welding.  Pulling  a  vacuum  on 
the  transformer  eliminates  the  need  for  any  pumping 
operations. 

4.  Location  of  leak:  tap  changer,  liquid  level  gauge,  or 
temperature  gauge.  Remedial  action;  remove  fluid  below 
level  and  replace  packing  material,  gaskets,  or  thread 
sealant  where  applicable. 

Source  2.  Pumps  or  Hoses 

Remedial  action:  Stop  all  pumping  operations  and  place  apparatus  into  an 
adequate  container  to  capture  any  fluids. 

Source  3.  Drums 

Remedial  action:  In  the  event  that  the  drum  is  seeping  at  the  seams,  the 
fluid  shall  immediately  be  transferred  to  another  drum.  Should  a  drum 
rupture  or  become  punctured,  an  oversized  recovery  drum  will  be  used.  The 
recovery  drum  is  placed  over  the  top  of  the  leaking  drum.  Then,  the 
recovery  drum  is  placed  upright,  containing  the  leaking  drum. 

b.  Stop  the  migration  of  ary  spilled  f uid.  This  can  be  done  by 
placing  the  berm  around  perimeter  of  the  spill.  A  berm  can  be 
constructed  using  any  type  of  absorbent  material,  i.e., 
vermiculite  (Speedi -Dry) ,  sand,  rags,  absorbent  boom  or  pads. 

c.  Scl'id'^v  any  -’••ge  standing  ^'’u-’d. 
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d. 


S  e  *0t  V 
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arra-el  s.n"'  be  wc'-n  when  dealing  wizn  scills  involving 
?CB  fluids. 


CCUNTE^Mragypr; 


The  countermeasure  operations  are  the  cleanup  and  disposal  of  all 
contaminated  material  that  is  a  result  of  the  spill.  The  primary  goal  of 
all  cleanup  activity  is  to  maintain  a  safe  environment. 

a.  Cleanup 

1.  Fluids:  If  the  volume  of  fluids  is  great  enough  to  where 
solidification  is  impractical,  the  liquid  shall  be  pumped 
into  DOT  17E  drums.  These  drums  must  be  properly  labeled 
and  dated. 

2.  Solids:  Any  porous  solids  (soils,  asphalt,  wood,  paper, 
etc.)  contaminated  by  the  spill  shall  be  placed  into  DOT  17H 
(removal  head)  drums.  These  drums  must  be  properly  labeled 
and  dated. 

3.  Major  Spills:  In  the  event  that  the  spill  exceeds  the 
control  and  cleanup  capabilities  that  are  onsite,  an  outside 
contractor,  who  specializes  in  environmental  cleanup  and  has 
all  permits  and  licenses  required,  must  be  contacted.  This 
contractor  must  be  equipped  to  handle  various  types  of 
spills. 

-nal vs^' s .  During  the  cleanup  operations,  sampling,  and  analysis 

must  be  performed.  The  analytical  data  are  needed  to  present  an 

accurate  picture  of  the  following: 

1.  The  extent  of  the  spill 

2.  The  effectiveness  of  the  cleanup  operations 
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~r.e  po'nt  in  time  wnen  the  ervi'-crment  has  been 
decontaminated. 


Dvsooial.  The  disposal  of  all  contaminated  materials  must  be  in 
accorcance  with  the  apolicaole  EPA  regulations  (AO  CFR  751). 

All  work  will  be  inspected  by  the  EGiG  Idaho,  Inc. 
representative. 

Transportation  of  hazardous  waste  to  the  disposal  site  shall 
conform  to  40  CFR,  Part  263.  All  Federal,  state,  and  local 
permits  and  labeling  and  approvals  shall  be  completed  before  the 
shipment  of  waste  from  the  transformer  site. 


A??£NC:X  E 

SWITCHGEAR  SRECIFICATICN 
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S’  ITCHGEAR  SPECIF 


CATICN 


1.0  GENE^^L 

Provide  and  install  switchgear  with  the  transfonier  as  referenced  in  the 
data  sheets.  The  switchgear  shall  consist  of  one  or  T:cre  enclosed 
vertical  sections  joined  together  to  form  a  rigid,  free  standing 
assembly.  The  construction  of  the  switchgear  shall  meet  the  requirements 
of  the  NEC. 

2.0  PRODUCTS 

600  Volt:  Switchgear  shall  be  suitable  for  operation  for  430  volt,  3 
phase,  3  wire,  60  Hertz  grounded  service.. 

Vertical  Sections:  Vertical  sections  shall  support  the  horizontal  and 
vertical  buses,  covers,  and  doors,  and  shall  be  designed  to  allow  for  easy 
rearrangement  of  units.  Vertical  sections  shall  have  structural 
supporting  members  formed  of  a  minimum  of  13  gauge  hot-rolled  steel.  All 
finished  surfaces  shall  be  blonish-free.  Each  section  shall  be  90  inches 
high  and  shall  have  7  gauge  steel,  3  inches  high,  removable  lifting  angle 
and  two  1-1/2  inches  high  base  channels.  Complete  control  center  lineups 
shall  be  divided  into  shipping  splits  no  wider  than  approximately  60 
inches.  A  ’’^ting  angle  shall  be  provided  on  the  top  of  each  shipping 
split  and  s  .1  extend  the  entire  width  of  the  shipping  split.  Lifting 
angles  shall  be  designed  to  support  the  entire  weight  of  the  switchgear 
and  shall  have  access  points  or  lifting' eyes  to  facilitate  handling.  Base 
channels  shall  be  provided  with  holes  to  permit  bolting  the  switchgear  to 
tne  floor.  The  entire  assembly  shall  be  constructed  and  packaged  to 
withstand  all  stresses  induced  in  transit  and  during  installation. 
Switchgear  shall  be  designed  so  that  matching  vertical  sections  of  the 
same  current  rating  and  wiufacture  can  be  added  later  at  either  end  of 
the  lineup  w'thout  use  of  transition  sections  and  without  difficulty. 
Removable  end  closing  plates  sha.1T  be  provided  to  close  off  openings  on 
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the  end  of  the  lineuD.  A  removable  top  plate  shall  be  provided  on  each 
vertical  section  and  shall  be  of  one  piece  construction  for  added 
convenience  in  cutting  conduit  holes.  The  design  shall  allow  use  of  the 
standard  conduit  entrance  area  without  signif'icani  sag  or  deformation  of 
the  tcp  plate. 

Vertical  sections  shall  be  designed  to  accommodate  plug-on  units  in 
front-of-board  construction.  Vertical  sections  housing  plug-on  units 
shall  be  15  inches  deep. 

Vertical  sections  shall  be  provided  with  both  horizontal  and  vertical 
wireways.  Sufficient  clearances  shall  be  provided  in  the  horizontal 
wireway  so  that  no  restriction  is  encountered  in  running  wires  from  the 
vertical  to  horizontal  wireway.  Wireways  shall  be  in  accordance  with  the 
wireways  section  contained  in  this  document. 

Horizontal  Wirewavs:  Horizontal  wireways  shall  be  provided  in  the  top  and 
bottom  of  each  vertical  section  and  shall  be  arranged  to  provide  full 
length  continuity  throughout  the  entire  assembly.  The  top  horizontal 
wireway  shall  have  a  cross  sectional  area  of  not  less  than  20  square 
inches  with  openings  between  sections  of  not  less  than  11-1/2  square 
inches.  The  bottom  horizontal  wireway  shall  extend  through  the  length  and 
depth  of  the  11-1/2  square  inches  to  allow  for  full  length  continuity 
throughout  the  entire  assembly.  The  bottom  horizontal  wireway  height 
shall  be  not  less  than  9-1/4  inches.  Covers  for  all  wireways  shall  be 
equipped  with  captive  type  screws  to  prevent  loss  of  hardware  during 
installation.  All  wireways  shall  be  isolated  from  the  bus  bars. 

Vertical  Wirewavs:  A  vertical  wire  trough  shall  be  located  on  the 
right-hand  side  of  each  vertical  section  and  shall  extend  from  the  top 
horizontal  wireway  to  the  bottom  of  the  available  unit  mounting  space. 

Each  vertical  wire  trough  shall  have  a  cross-sectional  area  of  not  less 
than  19  square  inches  and  shall  be  isolated  from  the  bus  tars  to  guard 
against  accidental  contact.  A  separately  hinged  door  having  captive  type 
screws  shall  cover  the  vertical  wire  trough  to  provide  easy  access  to 
control  wiring  without  disturbing  the  unit. 
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Keusaole  wire  ties,  shall  be  furnished  in  each  vertical  wire  trougn  for  the 
purpose  of  grouping  and  securely  holding  wires  in  place  for  a  neat  and 
orderly  installation. 

Bus  Bars:  A  continuous  main  2-conductor  horizontal  bus  shall  be  provided 
over  the  full  length  of  the  switchgear.  When  necessary,  the  bus  shall  be 
split  to  allow  for  ease  in  moving,  and  handling.  Splice  bars  will  be 
supplied  to  join  the  bus  whenever  a  split  has  been  made.  All  splice 
connections  shall  be  made  with  at  least  2  bolts.  Horizontal  busbars  shall 
be  mounted  edgewise  and  supported  by  insulated  bus  supports.  Insulation 
shall  be  used  as  required  by  NEMA-  standards  and  shall  be  dated  at  no  less 
than  600  VAC. 

For  distribution  of  power  from  the  main  horizontal  bus  to  each  unit 
compartment,  a  3-phase  vertical  bus  shall  be  provided.  The  vertical  bus 
shall  be  firmly  bolted  to  the  horizontal  bus  for  permanent  contact. 

The  main  horizontal  and  vertical  buses  shall  be  made  of  copper  and  the 
entire  length  shall  be  electrolytically  tin  plated  to  provide  maximum 
protection  to  the  bus  bars  from  normal  or  adverse  atmospheric  conditions. 

The  main  horizontal  bus  rating  shall  be  a  minimum  SOO  amperes  continuous. 
Vertical  bus  rating  shall  be  a  minimum  of  300  amperes  for  adequate  current 
carrying  capacity.  Continuous  current  ratings  shall  be  in  accordance  with 
temperature  rise  specifications  set  forth  by  UL,  ANSI,  and  NEMA  standards. 

A  copper  ground  lug  shall  be  provided  in  each  incoming  line  vertical 
section  capable  of  accepting  No. 8  to  350  HCM  cable.  A  horizontal  (and 
vertical)  tin  plated  copper  ground  bus  shall  be  provided  in  each  section 
of  the  switchgear.  Horizontal  ground  bus  shall  run  continuously 
throughout  the  switchgear  except  where  splits  are  necessary  for  ease  of 
shipment  and  handling  in  which  case  splice  bars  shall  be  provided.  Ground 
bus  shall  be  tin  plated  copper.  Horizontal  ground  bus  shall  be  located  at 
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the  bottom  of  the  switchgear.  Vertical  ground  bus  snail  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-cn  unit  the  ground  bus  stao  shall  make  contact  with  the 
ground  bus  before  the  power  bus  contact  is  made. 

3us  Bar*-ie’"s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  rad  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  to 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Meters;  All  new  service  panels  shall  be  equipped  with  the 
following: 

Kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  demand  register.  The 
register  shall  be  used  to  indicate  maximum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

•  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 


the  bottom  of  the  switchgear.  Vertica’i  grcur.o  bos  snail  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-on  unit  the  ground  bus  stab  shall  maica  contact  with  the 
ground  bus  before  the  power  bus  contact  is  made. 

Bus  3ar»-'g<'s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  red  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  to 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Meters:  All  new  service  panels  shall  be  equipped  with  the 
following: 

Kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  demand  register.  The 
register  shall  be  used  to  indicate  maximum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

•  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 
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A"1  electrcrvic  nocules  snail  be  prysically  icentical  and 
intercnangeabl a. 

A  frictionless  optical  assemoly,  'nocnted  cirectly  to  the  oseter 
frame,  generating  12  pulses  per  meter  oisc  revolution  for  input 
to  the  electronic  reg'^ster  shall  be  provicea. 

Each  (Cilowatt  meter  shall  also  be  complete  with  a  5-dial 
mechanical  kilowatt  hour  register. 

Meters  shall  be  3  stator,  120  volt  for  use  on  a  wire  Y,  3-phase 
system. 

Meter  multiplier  shall  be  shown  on  the  face  plate  and  shall  be 
the  product  of  the  indicated  current  transformer  and  potential 
transformer  ratio. 

Draw  out  arrangement  for  meter  removal  incorporating 
automatically  short  circuit  current  transformer  circuits. 

Meter  covers  shall  be  polycarbonate  resin. 

Meter  detent  to  prevent  negative  registration  by  restricting  tne 
backward  rotation  of  the  disk. 

The  normal  billing  data  scroll  shall  be  fully  programmable.  The 
following  items  shall  be  displayed  in  the  data  scroll; 

Kilowatt  hours 
Maximum  demand 

Cumulative  or  continuously  cumulative 
Number  of  demand  resets 
Time  remaining  in  interval 
End-of-interval  indication 
New  maximum  demand  indication 
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•  The  register  shaTI  inccrporata  a  tuilt-in  test  ::ode  that  allows 
it  to  be  tested  without  the  need  for  any  special  tools  or  other 
accessories  and  saves  data  and  constants  oefore  start  of  the 
test.  The  following  quantities  shall  be  available  for  aisplay  in 
the  test  mode; 

Time  remaining  in  demand  interval 
Present  interval's  accumulating  cemand 
Maximum  demand 

Number  of  impulses  being  received  by  the  register 

•  Pulse  initiator  with  programmable  ratio  selection. 

•  Battery  with  battery  port  for  quick  changes. 

•  Meters  shall  be  programmed  after  installation. 

•  Meters  shall  be  tested,  calibrated,  and  certified  after 
installation. 

•  Self -monitoring  to  provide  for  stored  data  check  sum  error,  ROM 
and  RAM  checksum  error,  battery  fault,  and  unprogrammed  register. 

•  ’  Liquid  crystal  display,  9  digits,  blinking  squares  confirm 

register  operation..  Large  digits  for  data  and  smaller  digits  for 
display  identifier. 

•  Display  operations,  programmable  sequence  with  display 
identifiers.  Display  identifiers  shall  be  selectable  for  each 
item.  Continually  sequence  with  time  selectable  for  each  item. 

Breakers:  Molded  e  circuit  breakers  shai'  be  furnished  in 
branch  feeder  units  using  c.rcuit  breakers  as  a  disconnect  means.  All 
circuit  breakers  will  have  a  push-to-trip  test  feature  for  testing  and 
exercising  the  trip  nechanisnr.  Breakers  shall  be  UL  listed  for  a  minimum 
of  22,000  amperes  RMS  symmetrical  fault  withstandaoil ity. 
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Va:n  breakers  (-80  vc't  pane;s  cn'y)  shall  be  ec'-i^poec  witn  auxil:ary 
contacts  and  shunt  tr-ip  coils.  Cotional  electrical  operation  .techani s.tis 
shall  be  proposed  for  possible  use  if  funding  levels  are  aceouate. 

Ide^'ti cat' on :  A  control  center  identification  nameplate  with  factory 
identification  numoers  and  characteristics  shall  be  fastened  on  the 
vertical  wire  trough  door  of  every  section.  Each  unit  snail  have  its  own 
identification  nameplate  fastened  to  the  unit  saddle.  These  nameplates 
shall  have  suitable  references  to  factory  records  for  efficient 
communication  with  supplier.  Each  unit  shall  also  have  an  engraved 
nameplate  fastened  to  the  outside  of  the  unit  door  for  ease  in 
identification  and  for  making  changes  when  regrouping  units.  Main 
breakers  (480  panels  only)  shall  be  equipped  with  auxiliary  monitoring 
contacts  and  shall  be  equipped  with  short  trip  controls.  Optional 
electrical  operations  shall  be  proposed  for  possible  use  if  funds  are 
adequate. 


Wiring:  The  switchgear  wiring  shall  be  NEMA  Class  II,  Type  B. 

As  defined  by  NEMA  Standard  ISC-2'322,  Class  II  switchgear  shall  include 
the  necessary  electrical  interlocking  and  interwiring  between  units. 

Type  B  wiring  shall  include  terminal  blocks  mounted  on  lift  out  brackets 
in  the  units. 

Terminal  blocks  shall  be  quick  separating  pull-apart  solderless  box  lug 
type  or  equal . 

fjrJjji:  All  metal  structural  and  unit  parts  shall  be  completely  painted 
using  an  el ectrooeposition  process  so  that  the  interior  and  exterior 
sur'^aces  as  well  as  bolted  Joints  have  a  complete  finish  coat  on  and 
between  them. 


A-80 


c3-5: 


3.1  Following  tests  shall  be  perfor*ned  and  results  recorded.  All  the 
equTprrent  tests  shall  be  perfornec  in  accoroance  w*h  IEEE,  NEMA.  and  ANSI 
Standards  where  such  standards  are  definitive.  All  .est  cata  including  but 
not  limited  to  test  circuitry,  faulty  ecuioment,  and  remedial  action  will 
be  recorded,  certified,  correlated,  bound,  and  furnished  to  the  Owner. 

a.  Wiring  continuity  -  point  to  point  check  and  verification  with  the 
wiring  diagrams. 

b.  Wiring  insulation  -  check  to  ground  -  megger  at  6C0  volts. 

c.  Power  of  proper  amplitude  and  frequency  shall  be  applied  to  all  AC  and 
DC  circuitry.  Three-phase  potential  and  current  of  proper  frequency^ 
shall  be  applied  to  all  applicable  AC  connections. 

d.  Polarity  tests  of  all  AC  and  DC  circuitry.  Three-phase  power  and 
phase  angle  meter  shall  be  used  to  make  AC  polarity  test  on  power 
feeds  and  metering  circuits. 

e.  Functional  tests  shall  be  performed  on  all  equipment  to  indicate 
proper  operation  of  all  protection,  metering,  and  control  equipment. 
Power  circuit  breaker  simulators  shall  be  employed  for  the  primary  bus 
to  verify  proper  operation  of  all  equipment. 

f.  The  Owner  may  at  his  option  provide  specific  relay  and  metering  test 
forms  to  be  complied  with,  otherwise  the  Seller  shall  submit  2  copies 
of  Seller's  standard  test  forms  for  review  by  the  Engineer. 

g.  All  "as  left"  test  values  shall  be  recorded  and  shall  be  within 
manufacturer's  tolerances.  Manufacturer's  tolerances  shall  be 
indicated  on  the  test  forms. 
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"I .  The  ir.tent  of  the  acceptance  test  is  to  ceterTi'. ne  tnat  tne  xeters  and 
relays  have  net  sustained  damaged  during  sr.^pment  from  the 
manufacturer  and  that  the  meters  and  relay  calibrations  have  not  been 
disturoed.  If  tne  examination  or  test  indicates  tnat  re-adjustment  is 
necessary,  the  relay  shall  be  repaired  anc/cr  calibrated  as  per 
manufacturer's  instructions. 

3.2  The  Owner  and/or  Engineer  may  elect  to  visit  the  Seller's  facilities 
on  completion  of  fabrication  of  the  equipment  to  inspect  the  equipment  and 
witness  testing  as  outlined  in  Section  3.1. 
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SPECIFICATION 

FOR  THE  PURCHASE  AND  INSTALLATION  OF 
CAST  COIL  TRANSFORMERS  AT  THE 
SAN  DIEGO  NAVAL  FACILITY 

1.  SCOPE 

1.1  Scope.  This  specification  covers  the  design,  fabrication,  testing, 
installation,  and  inspection  of  cast  coil,  dry-type,  power  transformers  and  the 
removal  of  existing  polychlorinated  oiphenyl  (PCB)  transformers,  handling  of 
PCB  fluid,  and  obtaining  the  permits  required  for  hauling  hazardous  waste.  The 
intent  is  to  make  a  turnkey  replacement  with  advanced  technology  transformers 
including  any  equipment  needed  to  replace  the  existing  transformers.  They  will 
be  used  to  provide  the  Navy  with  performance  data  on  these  advanced  technology 
devices. 

1.2  Applicability.  It  is  not  the  intent  to  specify  details  of  design  and 
construction  except  where  necessary  to  establish  performance  requirements,  nor 
is  it  intended  to  set  forth  those  performance  requirements,  which  are 
adequately  specified  in  applicable  standards. 

All  components  of  the  transformers  shall  be  new  and  function  in  a 
satisfactory  manner  within  their  rated  capacity  under  the  specified  service 
conditions  regardless  of  whether  all  necessary  specific  performance 
requirements  are  set  forth  herein  or  in  applicable  standards. 

2.  APPLICABLE  DOCUMENTS 

The  following  documents  form  a  part  of  this  specification  to  the  extent 
specified  herein.  The  issue  of  a  document  and  amendments  in  effect  on  the  date 
of  publication  of  this  specification  shall  apply. 
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2 . 1  American  National  Standard  Institute  (ANSI). 

ANSI-C57  12.01  General  Requirements  for  Dry-Type  Distribution  and 

Power  Transformers 

ANSI-C57  12.70  Terminal  Markings  and  Connections  for  Distribution  and 

Power  Transformers 

ANSI-C57  12.80  Terminology  for  Power  and  Distribution  Transformers 

ANSI-C57  12.91  Test  Code  for  Dry  Type  Distribution  and  Power 

Transformers 

ANSI-C57  12.94  Recommended  Practice  for  Installation  Application, 

Operation,  and  Maintenance  of  Dry-Type  General  Purpose 
Distribution  and  Power  Transformers 

ANSI-C57  12.96  Loading  Dry-Type  Distribution  and  Power  Transformers 

ANSI-C57  12.98  Guide  for  Transformer  Impulse  Tests 

C2-1989  National  Electrical  Safety  Code 

Z35.1  Specifications  for  Accident  Prevention  Signs 

2.2  National  Electric  Manufacturers  Association  (NEMA). 

NEMA  TRI-1974  Transformers,  Regulators,  and  Reactors 

2.3  National  Fire  Protection  Association  (NFPAl  Publication. 

NFPA  70  National  Electrical  Code 
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2.4  Others . 


IEEE  400-1980 

NEESA  20.2  -  028a 
OPNAVINST  5090.1 
29  CFR 

40  CFR  263 

40  CFR  761 

49  CFR  172 
49  CFR  173 


IEEE  Guide  for  Making  High  Direct  Voltage  Tests  on 
Power  Cable  Systems  in  the  Field 

PCB  Compliance,  Assessment,  and  Spill  Control  Guide 

Environmental  and  Natural  Resources  Protection  Manual 

General  Industry  Safety  and  Health  Standards 

Standards  Applicable  to  Transporters  of  Hazardous  Waste 

Polychlorinated  Biphenyls  (1979) 

Hazardous  Materials  Tables  and  Communications  Standards 
General  Requirements  for  Shipping  and  Packaging 


California  CAC 
Title  22, 

Division  4  Environmental  Health 


PWC  San  Diego  Utility  Standards 

MIL-P-28641  Primer  Coating,  Vinyl  Chlorine  Acetate,  Copolymer,  High 

Build  (for  steel  and  masonry) 

MIL-Q-9858A  Quality  Program  Requirements 

3.  TECHNICAL  REQUIREMENTS 


3.1  General .  The  transformers  shall  have  low  loss  metal  cores  and  shall  be 
three  phase  three-winding,  self-cooled,  dead  front,  suitable  for  installation 
indoors  or  outdoors,  or  as  specified  in  the  attached  data  sheets  in 
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Appendix  A.  They  shall  have  primary  and  secondary  compartments  that  shall 
enclose  all  termination  devices  so  that  no  live  parts  are  exposed  when  the 
transformer  is  energized.  Unit  substation  transformer  installations  are  exempt 
from  the  dead  front  requirement.  The  transformer  and  installation  shall  meet 
all  applicable  requirements  of  the  ANSI,  ASTM,  NEC,  and  NEMA  publications  as 
specified  herein.  The  transformer  shall  be  of  new  construction.  The 
successful  bidder  shall  be  responsible  for  all  field  modifications, 
measurements,  provide  installation  and  checkout,  and  turn  the  transformer  over 
to  the  operations  department,  PWC  San  Diego,  through  the  EG&G  Idaho,  Inc. 
Resident  Engineer,  ready  for  operation. 

3.2  Electrical  Products.  All  materials,  appliances,  equipment,  or  devices 
shall  conform  to  the  applicable  standards  of  the  Underwriter's  Laboratories, 
Inc.  (UL)  and  applicable  chapters  of  the  National  Electrical  Code  (NFPA  70), 
where  such  standards  exist.  All  materials,  appliances,  equipment,  or  devices 
shall  be  listed  and/or  labeled  by  UL,  where  such  standards  exist. 

3.3  Condition  of  Products.  Except  as  otherwise  indicated,  new  electrical 
products  free  of  defects  and  harmful  deterioration  shall  be  provided  at  the 
time  of  installation.  Each  product  provided  shall  be  complete  with  trim, 
accessories,  finish  guards,  safety  devices,  and  similar  components  specified  or 
recognized  as  integral  parts  of  the  product,  or  required  by  the  governing 
regul ations. 

3.4  Uri*'o’"’ritv.  Where  multiple  units  of  a  product  are  required  for  the 
electrical  work,  identical  products  shall  be  provided  by  the  same  certified  and 
approved  manufacturer  without  variations  except  for  sizes  and  specific 
variations  as  indicated. 

3.5  Test  Point  Observation.  The  successful  bidder  shall  supply  EG&G  Idaho 
with  a  flow  sheet  for  the  manufacture  of  each  transformer  indicating  all  test 
points.  The  successful  bidder  shall  notify  EG&G  Idaho,  in  writing,  of  the  date 
that  each  test  will  be  conducted  at  least  14  days  before  that  test  and  will 
admit  EG&G  Idaho  and  government  representatives  to  witness  the  tests. 
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3.6  Ppr'>^nnnance  Rpouirements.  Each  transformer  shall  comply  with  the 
following  performance  requirements  as  specified  in  ANSI-C57  12.00,  except  as 
noted  in  the  data  sheet  in  Appendix  A. 

Transformer  Rating  As  specified  in  Appendix  A. 

Auxiliary  Cooling  Forced  air  provisions,  fan  mounts,  and 

temperature  sensor  access  points  as  a  minimum 
shall  be  provided  for  future.  Refer  to  the 
data  sheets  in  Appendix  A  for  special 
instructions. 

Primary  Voltage  As  specified  in  Appendix  A.  Note  special 

dual  voltage  reouirements. 

Primary  Connection  As  specified  in  Appendix  A. 

Frequency  and  Phase  60  Hertz,  3  Phase 

Secondary  Voltage  As  specified  in  Appendix  A.  Note  special 

dual  voltage  requirements. 

Secondary  Connection  Wye  connection  with  neutral  to  be  brought  out 

through  an  insulated  bushing  with  external 
ground  strap. 

Temperature  Rise  80*C,  per  NEMA  TRI-1974 

Taps  -  No-Load  Minimum  of  five  full  capacity  high  voltage 

taps  (two  2  1/2%  taps  above  and  2  1/2%  taps 
below  normal  voltage  and  tap  position 
indicators) . 


Insulation  Levels 
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Primary  Voltage 


Secondary  Voltage 


Coil  Construction 


Impedance 


95  KV  BIL  for  Insulation  Class  15  KV  and  75 
KV  BIL  for  Insulation  Class  5  KV.  Based  on 
specific  voltage  ratings,  which  are  in  the 
data  sheets  in  Appendix  A. 

30  KV  BIL  for  Insulation  Class  600  V.  For 
specific  voltage  ratings,  see  the  data  sheets 
in  Appendix  A. 

HV  and  LV  windings  shall  be  cast  as  separate 
rigid  tubular  coils  and  arranged  coaxially. 
Transformers  300kVA  and  under  may  be 
constructed  using  approved  non-tubular 
connected  coils.  Each  cast  coil  shall  be 
fully  reinforced  with  fiberglass  cloth  and 
tape  (or  equivalent)  and  cast  under  vacuum  in 
a  mold  to  ensure  complete,  void-free  resin 
impregnation  throughout  the  entire  insulation 
system.  Coils  shall  be  supported  by  cast 
epoxy  bottom  supports  and  spacer  blocks  (or 
equivalent)  and  spring  loaded  top  blocks  (or 
equivalent)  and  have  no  rigid  mechanical 
connection.  Both  primary  and  secondary 
windings  shall  be  copper  or  approved  low  loss 
aluminum.  Approval  is  based  upon  showing 
optimal  loss  evaluation  cost  performance 
values. 

As  specified  in  the  data  sheets  in  Appendix  A 
with  the  following  guidelines: 

1.  The  minimum  allowable  impedance  for 
transformers  750  KVA  and  above  is  4.0 
percent. 

2.  The  minimum  allowable  impedance  for 
transformers  500  KVA  is  3.5  percent. 
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No-Load  Loss 


Load  Loss 


Sound  Level 
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3.  The  toleraiice  is  +/-  7  1/2  %  except  for  j 

the  transformers  with  dual  rated  primaries 

which  shall  have  an  impedance  tolerance  of  '  ^ 

+/-  10  %. 

The  no-load  losses  {core  loss)  shall  be 
optimized  per  the  evaluation  formula  provided 
in  the  attached  bid  package/Request  for 
Proposal  (RFP). 

The  load  losses  (winding  losses)  shall  be 
optimized  per  the  loss  evaluation  formula 
provided  in  the  attached  bid  package/RFP. 

Shall  not  exceed  noise  level  per  NEMA 
standaras. 


Core  Mate-ial 
(General ) 


Core  Material 
(Amorphous) 


The  core  shall  be  assembled  with  low  loss, 
silicon  steel  sheets  and  shall  be  properly 
braced  and  assembled.  The  specific  type  of 
low  loss  silicon  steel  is  to  be  determined  by 
the  manufacturer  to  meet  the  lowest  total 
operating  costs  and  optimize  no-load  losses. 
However,  the  intent  of  this  replacement 
program  is  to  install  advanced  technolc 
transformers  wherever  it  is  economical! 
feasible.  The  use  of  amorphous  metal,  .ser 
etched  steel,  or  other  advanced  technology 
core  material  is  encouraged  in  order  to  meet 
low  operating  cost  criteria. 

This  section  only  applies  to  those  devices 
specified  with  an  amorphous  metal  core.  The 
transformer  shall  be  constructed  of  low  loss 
amorphous  metal  in  a  wound  or  stacked  cc  ^ 
design  as  designated  in  the  RFP.  The 
complete  core  assembly  shall  be  fully 
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encapsulated  with  a  protective  coating  of 
approved  material  to  eliminate  sharp  edges 
and  prevent  flaking  particles  and  to  protect 
the  core  from  corrosive  products.  The 
no-load  loss  shall  be  less  than  45%  of  those 
for  comparable  silicon  steel  core  designs. 

It  is  known  that  wound  core  is  standard. 
However,  a  few  of  the  options  in  the  data 
sheets  specifically  require  that  stacked  core 
will  be  treated  as  a  research  project  to  get 
a  "new"  technology  unit.  The  other  amorphous 
core  devices  can  be  wound  (or  stacked)  at  the 
manufacturer's  discretion. 


3.7  Environmental  Conditions. 

Elevation  50  feet  above  sea  level 

Location  Indoor/outdoor  (See  Appendix  A.) 

Temperature  Range  0"C  to  40*C 

3.8  Accessories.  The  transformer  shall  have  the  following  accessories  as  a 
minimum.  The  accessories  shall  be  constructed  and  located  as  described  in 
ANSI-C57  12.00. 

•  Elbow  terminators,  fuses,  and  load  breaker  switches  as  called  out  in 
Section  3.6,  primary  connection  section,  and  per  individual  data 
sheets  in  Appendix  A. 

•  Dial  type  thermometer  with  alarm  contact  of  sufficient  capacity  to 
control  the  future  fan  contactor  and  an  additional  contact  for  a 
future  utility  control  system.  Thermometer  shall  monitor  the  hottest 
secondary  coil  phases. 

•  Tap  changer  (de-energized  operation  only), 

•  Lifting,  moving,  and  jacking  provisions. 
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Stainless  steel/al uminuin  nameplate  with  information  required  in 
ANSI-C57  12.00  on  the  transformer  exterior,  (note:  stainless  steel 
is  preferred) 

Ground  pads. 

A  junction  box  shall  be  located  on  the  transformer  nameplate  and 
contain  a  terminal  board  for  all  electrical  circuits  entering  or 
leaving  the  junction  box.  The  junction  box  shall  have  a  hinged  door 
with  a  gasket  and  a  handle  with  provisions  for  padlocking.  All 
electrical  circuits  from  components  mounted  within  the  transformer 
shall  run  to  this  terminal  board. 

An  optional  coil  surface  tempe-ature  sensing  thermocouple  shall  be 
mounted  in  the  prevailing  transformer  thermal  hot  spot  for  each 
secondary  phase  coil.  As  a  minimum,  provisions  for  adding  a  future 
thermocouple  shall  be  provided  even  if  the  option  for  the  coil  surface 
temperature  sensing  thermocouple  is  not  added.  Each  thermocouple 
shall  be  installed  such  that  .:  will  preclude  circulating  air 
influence.  These  three  thermocouples  will  provide  input  to  an 
electronic  temperature  monitor.  This  instrument  shall  respond  to  the 
hottest  phase  temperature  and  automatically  display  this  reading.  An 
analog  meter  shall  continuously  display  the  hottest  phase  temperature 
and  indicate  individual  phase  readings  or  the  maximum  temperature 
reached  over  a  period  of  time.  Light  emitting  diodes  are  not 
acceptable.  The  highest  temperature  shall  also  be  used  to  initiate 
alarm  and  trip  functions  and  is  stored  for  future  recall  until  the 
maximum  temperature  memory  is  cleared.  Fail  safe  alarm  relay  circuits 
automatically  actuate  if  supply  power  has  been  lost.  Maximum 
temperature  can  be  recalled  even  if  supply  power  has  been 
interrupted.  A  self-test  procedure  allows  set  points  to  be  determined 
and  their  operation  verified.  Alarm  and  trip  set  points  will  be 
tested  from  the  front  panel.  Open  thermocouple  circuits  are  detected 
and  indicated,  but  do  not  affect  instrument  operation.  Manual  control 
of  alarm  and  test  functions  shall  be  provided.  All  input  and  output 
connections  shall  be  made  to  the  terminal  blocks  on  the  back  of  the 
instrument.  The  set  points  of  this  thermal  device  shall  be 
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adjustable,  and  two  sets  of  alarm  and  trip  contacts  shall  be 
provided.  The  alarm  contacts  on  the  temperature  indicator  shall  be 
factory  wired  and  brought  out  to  the  terminal  blocks  on  the  exterior 
of  the  transformer  enclosure.  The  terminal  blocks  shall  be  mounted  in 
the  junction  box.  A  thermometer  with  a  remote  sensing  bulb  is  not 
acceptable.  The  thermocouple  shall  be  removable  without  disconnecting 
the  electrical  wiring.  The  temperature  monitor  system  shall  be 
graduated  in  degrees  centigrade  and  shall  be  tested  at  200*C 
before  installing  on  the  transformer.  The  thermally  operated  device 
shall  be  coordinated  with  the  transformer  design  and  shall  be 
connected  and  set  to  function  as  follows: 

-  First  stage  shall  be  adjustable  and  set  at  140*C  temperature 
at  which  the  substation  audible  bell  alarm  is  activated. 

-  Second  stage  shall  be  adjustable  and  set  at  155*C  temperature 
at  which  the  transformer  is  isolated  by  removing  the  electric 
load  and  tripping  all  the  power  circuit  breakers  via  the  circuit 
breakers'  shunt  trip  coils  (by  others  in  the  future). 

3.9  Enclosure  Construction.  The  enclosure  shall  be  constructed  of  heavy  gauge 
painted  sheet  steel.  All  ventilating  openings  shall  be  in  accordance  with  NEMA 
and  National  Electric  Code  standards  for  ventilated  enclosures.  The  base  shall 
be  constructed  of  structural  steel  members  to  permit  skidding  or  rolling  in  any 
direction.  Stainless  steel  enclosures  for  outdoor  transformers  are  not 
required,  but  optional  prices  for  stainless  enclosures  are  requested. 

The  core  shall  be  grounded  to  the  frame  in  accordance  with  applicable  NEMA 
and  ANSI  standards. 

3.10  Paint .  The  color  of  the  finished  transformer  shall  be  C37.20  Federal 
Standard  595  dark  forest  green  enamel . 

3.11  Miscellaneous  Requirements. 

3.11.1  Insulated  Phase  Barriers.  Primary  or  secondary  insulated  phase 
barriers  shall  be  provided. 
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3.11.2  Undercoat inq.  Transformers,  which  have  bases  that  come  in  contact 
with  concrete,  shalT  have  the  underside  of  their  bases  coated  with  a  corrosion 
resistant  coating  that  conforms  to  Military  Specification  MIL-P-28641  (or  an 
equivalent)  with  a  minimum  thickness  of  4  mils. 

3.11.3  Warning  Siqns.  In  accordance  with  ANSI  Z25.1,  warning  signs  shall 
be  provided  for  the  enclosures  of  electrical  transformers  having  a  nominal 
voltage  rating  of  500  volts  or  above. 

3.12  Provisions  for  Fan  Cooling.  The  transformer,  500  KVA  or  larger,  shall 
have  provisions  for  future  fan  cooling  (by  others).  As  a  minimum,  fan  mounting 
brackets  and  dial  thermometers  with  control  contacts  shall  be  provided. 

2.13  Testing.  The  following  tests  shall  be  performed  in  accordance  with  NEMA 
TRI,  ANSI-C57  12.91,  and  ASTM  Standards  as  listed  by  the  associated  tests.  All 
testing,  except  the  field  tests,  shall  be  done  at  the  factory,  and  the 
certified  results  shall  be  submitted  to  the  buyer  for  approval  before  shipment 
of  the  transformer.  Field  tests  shall  be  performed  unless  specifically  denied 
by  EG&G  Idaho  and  shall  also  have  certified  test  procedures  and  results  if 
opted  by  EG&G  Idaho.  All  testing  included  in  this  Specification  shall  be 
performed  and  costs  must  be  included  in  the  transformer  purchase  price. 

The  purchaser  reserves  the  right  to  witness  any  or  all  tests,  and  the 
vendor  shall  notify  the  purchaser  14  days  in  advance  of  the  date  for  conducting 
any  test  (see  Section  3.5). 

Field  tests  shall  be  conducted  by  representatives  of  the  manufacturer  and 
shall  be  completed  after  the  transformer  has  been  set  in  place  and  before  the 
primary  and  secondary  connections  are  made.  These  tests  shall  be  as  described 
in  Section  3.13.2. 

The  tests  below  shall  be  made  on  each  transformer  as  a  minimum 
requirement.  The  order  of  listing  does  not  necessarily  indicate  the  sequence 
in  which  the  tests  shall  be  conducted. 
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3.13.1  Factory  E''ectric  Tests. 

1.  Coil  resistance  measurements  of  all  windings  on  the  rated  voltage 
connection  and  at  the  tap  extremes. 

2.  Turns  ratio  test  on  the  rated  voltage  connections. 

3.  Polarity  and  phase  relation  tests  on  the  rated  voltage  connection. 

4.  No-load  loss  at  rated  secondary  voltage  on  the  secondary  voltage 
connection . 

5.  Exciting  current  at  rated  voltage  on  the  rated  voltage  connection. 

6.  Impedance  and  load  loss  at  rated  current  on  the  rated  voltage 
connection  and  on  tap  extremes. 

7.  Temperature  rise  tests  under  conditions  specified  in  ANSI  Standards 
for  transformers  {typical  temperature  rise  of  the  "exact"  design  may 
be  substituted  with  written  approval). 

8.  Dielectric  test. 

9.  Applied  potential  test. 

10.  Induced  potential  test. 


11 .  Impulse  test. 

12.  Partial  discharge  test  (Note:  this  test  is  not  covered  by  ANSI-C57 
12.91),  test  at  1.5  times  the  rated  voltage  and  400  Hertz  (or  equal). 
If  partial  discharge  does  not  extinguish  by  110%  of  rated  voltage,  the 
transformer  shall  be  rejected.  Optional  standard  factory  test  methods 
must  be  approved  by  the  Resident  Engineer  before  they  can  be 
substituted  for  this  test. 
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3.13.2  Field  Tests.  Field  tests  shall  be  performed  as  part  of 
installation.  Test  reports  shall  be  certified  for  methodology  and  accuracy. 

No-lcad  loss  as  measured  from  the  secondary  winding  at  ambient 
temperature  (ANSI-C57  12.9).  Record  both  ambient  and  top  oil 
temperatures.  Conduct  this  test  on  both  the  existing  transformers  to 
be  removed  and  the  new  transformers.  Record  ambient  temperatures  on 
the  test  reports. 

Insulation  power  factor  (Method  II  ANSI-C57  12.90,  Section  10.9)  Doble 
Test  or  equal.  (Insulation  power  factor  to  be  0.9  or  less.) 

Before  energizing  transformer,  test  transformer  turns  ratio  (TTR)  at 
all  tap  settings.  Megger  all  leads  before  connecting  them  to  the 
transformer  and  check  the  leads  for  grounds  using  a  VOM  before  any 
connections  are  made.  Any  lead  with  a  Megger  reading  of  less  than 
10  megohms  shall  be  replaced. 

4.  QUALITY  ASSURANCE  PROVISIONS 

Unless  otherwise  specified,  the  supplier  is  responsible  for  all 
examinations  and  inspections  as  specified  herein.  The  vendor  shall  maintain  a 
Quality  Assurance  Program  in  accordance  with  MIL-Q-9858A  or  an  approved  equal 
during  the  performance  of  the  contract,  which  provides  adequate  quality 
assurance  and  control  throughout  design,  fabrication,  testing,  inspection,  and 
shipping  of  the  transformer.  The  vendor  shall  provide  the  documents  describing 
the  Quality  Assurance  Program  and  containing  the  procedures  that  will  be 
invoked  to  comply  with  the  above.  An  Insertion  and  Test  Procedure  shall  be 
prepared  and  submitted  to  the  buyer  for  a^.; ‘Oval .  Final  inspection  and  test 
reports  as  required  by  this  Specification  shall  be  submitted  to  the  buyer  for 
approval.  The  vendor  shall  maintain  a  calibration  sys*"m  for  the  periodic 
calibration  of  test  instruments  to  standards  traceable  to  the  National  Bureau 
of  Standards. 

Vendor  data  shall  be  submitted  per  ati<.-ned  "Vendor  Data  Requirements  List" 
(see  Appendix  B) . 
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5.  PACKAGING 

The  transformer  shall  be  prepared  for  shipment  within  the  Continental 
United  States.  All  accessories  shall  be  protected  from  damage.  The 
transformer  shall  be  sealed  to  prevent  entry  of  moisture  or  foreign  materials 
during  shipment.  Documents  as  indicated  in  Appendix  B  shall  be  required. 
Shipping  is  the  responsibility  of  the  supplier  as  part  of  the  total 
in.,tanation  package. 


6.  SUBMITTALS 

Within  30  days  of  receipt  of  the  order,  the  vendor  shall  furnish  the 
purchaser  all  necessary  outline  drawings  and  weights  of  the  transformers. 

6.1  Shoo  Drawings  and  Manufacturer's  Data.  Shop  drawings  for  transformers 
shall  indicate,  but  shall  not  be  limited  to,  the  following: 

Overall  dimensions,  front  view,  interfaces  with  existing  equipment, 
and  sectional  views. 

Ratings  and  sizes  of  lugs,  impedance,  taps,  and  fans. 

Manufacturer's  published  main  secondary  breaker  and  feeder  devices  at 
each  transformer  to  allow  designer  to  provide  settings,  which  will 
ensure  that  proper  protection  and  coordination  will  be  achieved. 

Complete  list  of  parts  and/or  supplies  with  current  unit  prices  and 
source  of  supply. 

6.2  Ce>*tified  Laboratory  Test  Data.  Certified  copies  of  reports  of  all  tests 
shall  be  submitted  as  required. 


6.2.1  Transformer  Tests.  Transformer  test  shall  be  performed  in 
accordance  with  the  ANSI-C57  12.91  for  dry-type  transformers  standard  test  code 
and  Section  3.13.  Certified  copies  of  test  data  for  the  tests  shall  be 
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submitted  and  shall  receive  approval  before  delivery  of  equipment  to  the 
pro;“ct  site.  Field  test  data  sheets  shall  be  submitted  within  14  days  after 
tes.  .ompletion. 


7.  DEMOLITION  AND  CONSTRUCTION 

7.1  Demolition  and  Construction  General  Requirements.  The  vendor  shall 
furnish  technical  personnel  to  be  present  at  the  site  to  perform,  as  a  minimum, 
the  following  tasks  (see  Appendix  C).  Permits  for  PCB  fluid  and  transformer 
casing  transport  shall  be  obtained  by  the  successful  bidder  before  removal. 

Note  that  OSHA  regulations  require  workers  handling  PCBs  to  be  properly  trained 
and  certified. 

Request  and  have  the  operating  Contractor  (PWC  personnel)  de-energize 
the  existing  transformers. 

Test  the  existing  transformers  for  no-load  loss,  record  data,  and 
submit  in  writing  to  the  Resident  Engineer. 

Drain  the  PCB  fluid  from  each  transformer  into  approved  drums,  seal, 
and  deliver  it  to  the  interim  hazardous  waste  storage  area  at  the 
base. 

Purge  the  transformer  case  with  dry  nitrogen  gas  and  seal. 

Remove  anc  Mver  the  transformers  to  the  interim  hazardous  waste 
storage  are,  at  the  be  e  as  designated  by  the  Resident  Engineer. 

Provide  and  install  new  transformers  and  test  per  Section  3.13.2. 

Request  PWC  personnel  to  energize  the  system. 

Verify  proper  operation  and  turn  the  operating  transformer  o.,"'  to 
EG&G  Idaho  for  remanding  to  PWC  San  Diego. 

The  EG&G  Idaho's  Resident  Engineer  shall  coordinate  all  outages  and  provide 
interface  between  the  successful  bidders,  installers,  and  the  operating 


A-101 


ES-51334 


Contractor  (PWC).  PWC  Code  640  is  responsible  for  manifesting  all  PCB 
(hazardous  waste)  activity,  and  PWC  shall  be  contacted  though  the  EG&G  Idaho 
Resident  Engineer. 

7.2  Draining.  Service  shall  include  removal,  packaging,  and  transporting  [to 
a  Defense  Reutilization  and  Maintenance  Organization  (DRMO)  hazardous  waste 
staging  area]  of  the  PCB  or  PCB  contaminated  fluid  initially  drained  from  the 
transformers.  DRMO  waste  shall  be  clearly  labeled  with  the  contents,  level  of 
contamination,  its  source,  and  manifested  by  PWC  Code  640. 

The  Subcontractor  must  review  and  comply  with  the  minimum  Outline  Spill 
Prevention,  Control,  and  Countermeasures  (SPCC)  Plan  procedure  before  draining 
fluid  from  a  PCB  transformer  (see  Appendix  D).  Appendix  D  details  the  SPCC 
requirements  that  the  Subcontractor  must  observe. 

7.3  Transportation  and  Disposal.  All  hazardous  waste  material  shall,  as  a 
minimum,  be  contained  in  Department  of  Transportation  (DOT)  approved  containers 
from  point  of  removal  until  delivered  to  final  disposal  site.  The  following 
are  methods  of  handling  wastes  and  are  subject  to  the  requirements  of  40  CFR, 
Part  263  and  49  CFR,  Parts  J72  and  173  and  shall  be  superseded  if  the 
regulations  are  amended. 

1.  Drums  shall  be  DOT  approved  for  hazardous  waste:  17E  for  fluids, 
17H  for  porous  solids,  and  17H  for  rags  and  solvent. 

2.  Bulk  containers  shall  be  six  sided,  welded  steel  construction, 
lined  with  a  minimum  of  10  mil  plastic  sheet,  and  watertight. 

The  container  shall  be  handled  by  a  truck  specially  fitted  to 
transport  the  container  from  generation  point  to  disposal  point. 
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APPENDIX  A 

TRANSFORMER  DATA  SHEETS 


A-103 


This  is  a  replacement  of  transformer  PWC  #69,  an  existing  500  KVA  3 
phase  480  ^CB  transformer. 

Supply  fan  to  achieve  higher  rating. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV) . 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification  f pw^TC-CLDI _ C .  0 - N E ^ 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ oa _ 

_ 300  KVA _ 

_ 4S0  V _ 

_ _ delta _ 

_ 2QS/IE0  V _ 

_ WYE-GROUNDED _ 

_ LO _ 

_ _ _ 

NEW  FFFD  FROM  NEW  SWITCHGEAR _ 

(SEE  CC69L _ 

NEW  CARLE  AND  CONDUIT  CONNECTIONS  TQ 
FKTSTING  SWITCHGEAR  (2  places) _ 

FYTSTING  BREAKER  PER  ATTACHED  SKETCH. 

nFTFRMTNFD  PER  LOSS  EVALUATION  IN  REP 

nFTCRHTNFD  PER  LOSS  EVALUATION  IN  R^P 


*  Consolidation  replacement  of  existing  PCB  transformers  (#70  and 
#71).  See  sketches  SD  ],  2,  and  3  for  additional  information. 
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Transformer  Identificati 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 


ES-51334 

TRANSFORMER  DATA  SHEET 
on  (PWC16-0LD1  CC16-NEW 

_ BLDG  342 

_ 112.5  KVA 

_ 2.4/12  KV  DUAL 

_ DELTA _ 

_ 480/277  V 

_ WYE-GROUNDED 

_ _ 


Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


NEW  3  POLE  15KV  50AF  FUSED _ 

TRANSITION  AND  CABLE  TO  NEW  SWITCH 

REUSE  EXISTING  —  SPLICE  TERMINATION 

FOR  CONNECTIONS  TO  EXISTING _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  -NO  CHANGES 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacement  of  existing  112.5  KVA  PCB  transformer. 

Optionally  propose  and  construct  this  unit  with  an  amorphous  stacked 
core,  as  per  specification. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification  fPUCCS-OLD)  CCfl8-NEW 

Location  _ BLDG  473 

Size  _ 112.5  KVA 

Primary  Voltage  _ 2.4, 

Primary  Winding  Type  _ DELTA _ 

Secondary  Voltage  _ 208/120 _ 

Secondary  Winding  Type  _ WYE-GROUNDED 

Percent  Impedance  _ 3^0 _ 


Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


REUSE  EXISTING  SWITCH _ 

NEW  TRANSITION  TO  EXISTING  SWITCH 

PROVIDE  AND  INSTALL  NEW  SECONDARY 
TRANSITION  CUBICLE _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


Replacement  of  existing  PCB  transformer. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identi f ication 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 


fPWC4S-0LD)  CC4S-NEW _ 

_ BLDG  472  OUTDOORS  ** 

_ 1500  K'.'A _ 

_ 12  KV _ 

_ DELTA _ 

_ V _ 

_ WYE-GROUNDED _ 

_ bJS _ 


Primary  Switch 
Primary  connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


REUSE  OF  EXISTING  SWITCH _ *** 

NEW  TRANSITION  TO  EXISTING  SWITCH 

COPPER  BUS  CONNECTIONS  TO  NEW _ 

SWITCHGEAR _ 

REUSE  EXISTING  BREAKER  AND  SWITCH- 
GEAR _ _ _ *** 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  will  replace  existing  PCB  1500  KVA  transformer. 

Use  corrosion  resistant  external  packaging,  NEMA  3R  minimum, 
provide  optional  ccst  to  include  stainless  steel  rain  cap. 
Include  cost  proposal  to  replace  these  switches  as  an  option. 
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Replacing  existing  500  KVA  PCB  transformer. 
No  diagram  provided. 
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TRANSFORMER  DATA  SHEET 

Transformer  Identification  (PWC27-OLDi  COETA-NEW 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 


BLDG  378-1 


750/1000  KVA 


12  KV 


DELTA 


480  V 


WYE-GROUNDEn 


5.75 


PROVIDE  AND  INSTALl  NEW  15  KV  Cl  ASS 
PRIMARY  SWITCH  AND  NEW  12  KV  FEFnFR 


Primary  Connection 
Secondary  Connections 

Secondary  Breaker 

Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


TRANSITION  TO  NEW  SWITCH _ 

NEW  COPPER  BUS  CONNECTIONS  TO  NEW 
SWITCHGEAR _ 

P  &  I  NEW  SWITCHGEAR.  SEE  SKETCH 
BREAKER  AND  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RCP 


This  unit  is  replacing  an  existing  1000  KVA  PCB  filled  transformer. 
Supply  fans  to  achieve  higher  rating. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


fPWC27-0LDi  CC27B-NEW 
_ BLDG  378-1 


500  KVA 


480  V 


DELTA 


208  V 


WYE -GROUNDED 


5.75 


PROVIDE  AND  INSTALL  NEW  SWITCHGEAR 
SEE  SKETCH _ 

TRANSITION  FROM  NEW  SWITCHGEAR _ 

NEW  COPPER  BUS  CONNECTIONS  TO  EXISTING 
SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


No  primary  voltage  taps  are  required  on  this  transformer  due  to  the  high 
current  level.  Note  requested  optional  price  for  addition  of  standard 
primary  voltage  taps  on  this  unit  in  the  pricing  schedule. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification  fPWC49-0LDi  CC49-NEW 


Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 
Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ BLDG  4S9-1 _ 

_ 1500  KVA _ 

_ \2  KV _ 

_ DELTA _ 

_ 480/277  V _ 

_ WYE-GROUNDED _ 

_ SJS _ 

REINSTALL  EXIS'^ING  PRIMARY  SWITCH 

CONNECT  EXISTING  SWITCH _ 

NEW  COPPER  BUS  CONNECTIONS  TO _ 

EXISTING  SWITCHGEAR _ 

EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 

DETERMINED  PER  LOSS  EVALUATION  IN  REP 


*  The  existing  PCB  unit  is  already  missing  and  will  not  have  to  be 
handled  as  part  of  this  changeout. 

Note:  This  unit  will  be  installed  in  an  existing  station.  The  installer 

will  have  to  remove  an  existing  temporary  transformer  and  place  it 
aside  for  removal  by  others  prior  to  installing  the  new 
transformer.  The  installer  will  also  have  to  reinstall  the  existing 
primary  switch,  which  was  disconnected  while  the  temporary 
transformer  was  installed.  The  existing  temporary  transformer  is  a 
3750  KVA  unit  and  will  require  an  oversized  crane  to  lift  out  and 
set  on  the  ground.  This  unit  is  nonPCB  and  will  not  require 
additional  handling. 

No  diagram  provided. 
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Transformer  Identificat 

Location 

Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 
Primary  Connection 

Secondary  Connections 

Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 
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TRANSFORMER  DATA  SHEET 

ion  fPWCl-220.1.2-OLDi  CC1-220-NEW  * 

_ BLDG  370-3 _ 

_ 300  KVA _ 

_ 2.4/12  KV  DUAL  ** 

_ DELTA _ 

_ 240  V _ 

_ WYE-GROUNDED _ 

_ 4J _ 

REUSE  EXISTING  PRIMARY  SWITCH  *** 

PROVIDE  NEW  CABLE  CONNECTIONS  TO 
EXISTING  SWITCH _  _ 

PROVIDE  NEW  CONDUIT  AND  CONDUCTORS  TO 
EXISTING  SWITCHGEAR _ 

REUSE  EXISTING  SWITCHGEAR _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


A 


This  new  three  phase  transformer  is  replacing  three  existing  167  KVA 
single  phase  PCB  transformers. 

Dual  voltage  primary  winding  is  an  option.  Regardless  of  whether 
the  option  is  exercised,  the  2400  VAC  primary  must  be  supplied.  If 
the  option  is  exercised  then  taps  shall  be  provided  for  the  higher 
rating  (12  KV). 

There  are  three  oil -fused  contactors  which  are  feeding  the 
transformer  to  be  removed.  It  is  believed  that  the  three  contactors 
are  PCB-contaminated,  and  they  should  not  be  disturbed. 
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TRANSFORMER  DATA  SHEET 

Transformer  Identification  fPWCI-158-0LDi  CCI-158-NEW 
Location  _ BLDG  333-1 


Size 

Primary  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 
Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ 112,5  KVA _ 

_ 480  V _ 

_ DELTA _ 

_ 208^20  V _ 

_ WYE -GROUNDED _ 

_ U _ 

PROVIDE  AND  INSTALL  NEW  480  V  BREAKER 
IN  NEW  SWITCHGEAR.  SEE  SKETCHES 

SEE  SKETCHES _ 

TRANSITION  TO  EXISTING  PANEL _ 

REUSE  EXISTING _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  unit  replaces  the  existing  112.5  KVA  PCB  transformer. 

This  transformer  will  be  installed  on  a  mezzanine  located 
approximately  30  feet  AAF,  Extra  rigging  and  PCB  handling  efforts 
will  be  required. 
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TRANSFORMER  DATA  SHEET 


Transformer  Identification 

Location 

Sire 

Primary'  Voltage 
Primary  Winding  Type 
Secondary  Voltage 
Secondary  Winding  Type 


(PWCl-15T.Qi_r^  cc: -".ET-NEW _ * 

DG  T"3 - 1  ** 

_ 1 1 2. 5  KVA _ 

_ AeO  V  _ 


DELTA 


2A0V 


WVE 


Percent  Impedance 
Primary  Switch 

Primary  Connection 
Secondary  Connections 
Secondary  Breaker 
Maximum  No-Load  Loss 
Maximum  Full -Load  Loss 


_ Li _ 

PROVIDE  AND  INSTALL  NEW  A80  V  BREAKER 
IN  NEW  SWITCHGEAR.  SEE  SKE~CKES. 

SEE  SXnCHES _ 

TRANSITION  TO  EXISTING  PANEL _ 

REUSE  EXISTING  BREAKER _ 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 

DETERMINED  PER  LOSS  EVALUATION  IN  RFP 


This  unit  is  replacing  the  c.^isting  112. S  KVA  PCB 
This  transformer  will  be  installed  on  a  mezzanine 
approximately  30  feet  AFF.  Extra  rigging  and  PCB 
will  be  required. 


transformer. 

located 

handling  efforts 


A-125 


ES-51234 


A-126 


ES-51334 


A-128 


OHM  SIX  J 


ES-51334 


A-129 


ES-51234 

APPENDIX  B 

VENDOR  DATA  REQUIREMENT  LIST 
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APPENDIX  B 

VENDOR  DATA  REQUIREMENTS  LIST 

Description 

* 

When 

Required 

Copies 

Required 

No. of 

Reference 

Paragraph 

Approval 

Req'd.by 

1. 

Drawings,  sketches,  schematics 
and  other  data  shall  be 
submitted  with  the  bid 
sufficient  for  evaluation  of 
contract  proposal . 

BC 

12 

NA 

R 

AB/DE 

2. 

Quality  Manual  and  Procedures 

BC 

12 

4.0 

R 

AB/DE 

3. 

Inspection  and  Test  Procedures 

BFR 

12 

3.2,  3.10 

I 

AB/DE 

4. 

Inspection  and  Test  Results 

PS 

12 

3.10 

AB/DE 

5. 

Maintenance  manual  which 
includes  as  a  minimum: 
installation  instructions, 
operating  instructions, 
preventive  and  corrective 
maintenance  tasks,  the 
frequency  of  each  task,  the 
tools,  equipment,  and 
procedures  with  special 
emphasis  on  safety  precautions 
for  the  accomplishments  of 
each  task. 

PS 

12 

5.0 

1 

AB/DE 

6. 

Priced  spare  parts  list  and 
recommended  spares. 

PS 

12 

5.0 

H 

AB/D 

7. 

Guaranteed  performance  data 
and  name  plate  data. 

PS 

12 

5.0 

I 

AB/DE 

As-built  shop  drawings  schema¬ 
tics  and  wiring  diagram. 

PS 

12 

5.0 

R 

AB/DE 

9. 

Installation  schedule. 

PS 

12 

5.0 

AB/DE 

10. 

PCB  fluid  disposal  plan  and 
certification. 

PS 

12 

5.0 

AB/DE 

11. 

Spill  Prevention,  Control,  and 
Countermeasures  Plan 

BFR 

12 

NA 

R 

AB/DE 

12. 

Certification  for  Hazardous 
Waste  Handlers 

PS 

12 

NA 

R 

AB/DE 

*  BFR  ■  Before  Fabrication  Release  *  BC  »  Before  contract  is  awarded 

*  PS  ■  Prior  to  Shipment  **  R  «  Required 

**  I  *  Information  Only  **  AB  «  Approval  By  Buyer 

**  D£  ■  Approval  By  Design  Engineer 
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CONSTRUCTION  DETAILS 


A-132 


ES-51334 


CONSTRUCTION  DETAILS 


ELECTRICAL  GENERAL  PROVISIONS 
PART  1  -  GENERAL 

DESCRIPTION  OF  WORK: 

Summary:  The  electrical  work  can  be  generally  summarized  in  the  following 
manner,  but  this  is  not  by  way  of  limitation: 

•  Obtain  pe-mits  for  moving  hazardous  waste. 

•  Check  and  mark  phase  rotation  before  de-energizing  system. 

•  Have  PWC  personnel  de-energize  the  existing  transformers. 

•  Test  existing  transformer  for  no-load  losses.  Drain  the  PCB 
fluid  from  each  transformer  into  standard  DOT  approved  drums  and 
deliver  it  to  the  interim  hazardous  waste  storage  area  on  the 
base  as  designated  by  the  Resident  Engineer  (all  work  shall 
comply  with  OSHA  and  EPA  regulations). 

•  Purge  the  t'nsformer  case  w.th  dry  nitrogen  and  seal. 

•  Deliver  the  existing  transformer  to  the  interim  hazardous  waste 
storage  area  on  the  base  (comply  with  OSHA  and  EPA  regulations). 

•  Provide  and  install  new  transformers. 

•  Connect  new  transformers  and  test. 

•  Request  PWC  personnel  to  energize  the  system. 

•  Verify  proper  operations  and  turn  the  operating  transformer  over 
to  EGiG  Idaho,  Inc.  for  remanding  to  PWC  San  Diego. 


A-133 


ES-51334 


PART  2  -  M.ISCELLANEOUS  AND  ANCILLARY  PRODUCTS 
GENERAL: 

Furnish  all  labor,  materials,  equipment,  and  appliances  required  to  complete 
the  installation  of  the  complete  electrical  systems.  All  labor,  materials, 
service,  equipment,  and  workmanship  shall  conform  to  the  applicable  chapters 
of  the  NEC  (NFPA  70)  and  other  authorities  having  lawful  jurisdiction 
pertaining  to  the  work  required.  All  modifications  required  by  these  codes, 
rules,  regulations,  and  authorities  shall  be  made  by  the  Subcontractor 
without  additional  charge  to  the  Contractor. 

Underwriter's  Laboratories  (UL):  All  materials,  appliances,  equipment,  or 
devices  shall  conform  to  the  applicable  standards  of  UL  where  such  standards 
exist.  All  material,  appliances,  equipment,  or  devices  shall  be  listed 
and/or  labeled  by  UL  where  such  standards  exist. 

Completed  electrical  system  shall  conform  with  applicable  provisions  of  the 
Special  Conditions,  the  Technical  Specification,  and  the  attached  subcontract 
drawings. 

CONDITION  OF  PRODUCTS: 

Except  as  otherwise  indicated,  provide  new  electrical  products,  free  of 
defects  and  harmful  deterioration  at  the  time  of  installation.  Provide  each 
product  complete  with  trim,  accessories,  finish  guards,  safety  devices,  and 
similar  components  specified  or  recognized  as  integral  parts  of  the  product, 
or  required  by  governing  regulations. 

UNIFORMITY: 

Where  multiple  units  of  a  product  are  required  for  the  electrical  work, 
provide  identical  products  by  the  same  manufacturer  without  variations  except 
for  sizes  and  similar  variations  as  indicated. 
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PART  3  -  EXECUTION: 

COORDINATION  OF  ELECTRICAL  WORK; 

General:  It  is  recognized  that  the  subcontract  documents  are  diagrammatic  in 
showing  certain  physical  relationships  that  must  be  established  within  the 
electrical  work  and  in  its  interface  with  other  work,  including  utilities  and 
mechanical  work,  and  that  such  establishment  is  the  exclusive  responsibility 
of  the  Subcontractor. 

Arrange  electrical  work  in  a  neat,  well-organized  manner  with  conduit  and 
simila-  services  running  parallel  with  the  primary  lines  of  the  building 
const  -ction  and  with  a  minimum  of  7  feet  overhead  clearance  where  possible. 

Locate  operating  and  control  equipment  properly  to  provide  easy  access  and 
arrange  entire  electrical  work  with  adequate  access  for  operation  and 
maintenance. 

RESIDENT  ENGINEER: 

The  EGiG  Idaho  Resident  Engineer  will  ensure  that  the  installation  complies 
with  drawings,  specifications,  and  witness  testing. 

TRANSFORMERS 

PART  1  -  GENERAL 

w:RK  DESCRIPTION: 

Provide  and  install  trarsformers  o^  sizes,  ratings,  and  types  as  shown  on  the 
referenced  data  sheets  and  engineering  specification. 
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PART  2  -  PRODUCTS 
MATERIALS: 

The  transformers  shall  be  as  shown  on  the  attached  data  sheets  and  shall  be 
installed  at  the  location  indicated  on  the  drawings. 

The  transformer  enclosure  shall  be  suitable  for  the  environment  that  the 
transformer  is  installed  in. 

PART  3  -  EXECUTION 

INSTALLATION: 

Install  transformers  as  indicated  on  the  drawings  and  in  accordance  with 
manufacturer's  written  instructions,  applicable  requirements  of  NEC  and  the 
NEC  Association's  "Standard  of  Installation,"  and  complying  with  recognized 
industry  practices  to  ensure  that  products  serve  intended  functions. 

TESTING: 

Visually  inspect  to  determine  that  equipment  installation  conforms  to  NEC, 
these  specifications,  and  the  drawings  and  testing  as  described  under  the 
testing  section  of  the  specification. 

GROUNDING 

PART  I  -  GENERAL 

WORK  DESCRIPTION: 

Provide  and  install  grounding  on  all  transformer  cases  and  tie  into  the 
existing  grounding  system. 
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PART  2  -  PRODUCTS 
MATERIALS: 

Grounding  electrode  wire  shall  be  a  minimum  of  No.  2  AWG  bare  stranded  copper 
and  comply  with  NEC  Table  250-94. 

Ground  grid  welds  shall  be  made  by  the  Thermit  process. 

PART  3  -  EXECUTION 
INSTALLATION: 

Install  a  complete  grounding  system  for  the  transformers  in  accordance  with 
applicable  requirements  of  NEC  and  complying  with  recognized  industry 
practices  to  ensure  that  products  serve  intended  functions  and  comply  with 
requirements.  All  exposed  noncurrent-carrying  metallic  parts  of  electrical 
equipment,  conduits,  grounding  conductor  of  nonmetallic  sheathed  cables,  and 
neutral  conductor  of  the  wiring  system  shall  be  grounded. 

Exothermic  Welds:  Exothermic  welds  shall  be  made  in  accordance  with  the 
manufacturer's  written  recommendations.  No  mechanical  connector  is  required 
at  exothermic  weldments. 

TESTING: 

Visually  inspect  to  determine  that  ground  installation  conforms  to  NEC,  these 
specifications,  and  the  drawings. 

CABLE,  WIRE,  CONNECTORS  AND  MISCELLANEOUS  DEVICES 

PART  I  -  GENERAL 

WORK  DESCRIPTION: 

Provide  and  install  conduit  systems,  cables,  wires,  and  wiring  connectors  of 
sizes,  ratings,  materials,  and  types  as  shown  on  the  drawings. 
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PART  2  -  PRODUCTS 

WIRING  MATERIALS  5  KV  AND  15  KV  CLASS: 

All  5  KV  and  15  KV  cable  shall  be  shielded  and  properly  terminateo.  Cable 
shall  be  EPR  MV-90  shielded  cable  and  shall  have  a  133%  insulation  level. 

HIGH  VOLTAGE  SPLICES: 

Splices  in  high  voltage  cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 

Certification.  High  voltage  cable  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
all  cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "Kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  be  spliced.  The  Contractor  shall 
provide  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cables  shall  be  done 
by  the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-sealant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

Splices  in  High  Voltage  Cables.  Splices  shall  be  suitable  for  continuous 
immersion  in  water  and  shall  be  made  only  in  accessible  locations  in 
manholes. 
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Certification.  High  voltage  cable  splicer/terminator  certification  of 
competency  and  experience  shall  be  submitted  30  days  before  splices  or 
terminations  are  made  in  high  voltage  cables.  Splicer/terminator  experience 
during  the  past  3  years  shall  include  performance  in  splicing  and  terminating 
cables  of  the  type  and  classification  being  provided  under  this  contract. 

Kit  Methods.  High  voltage  splices  shall  be  made  using  a  "kit,"  which  shall 
be  the  product  of  one  manufacturer  and  shall  have  the  approval  in  writing  of 
the  manufacturer  of  the  cable  that  is  to  spliced.  The  contractor  shall 
provide  the  Contracting  Officer  or  Contractor's  Quality  Control 
representative  with  a  copy  of  the  manufacturer's  instructions  before  splicing 
is  started.  Splices  shall  be  made  only  in  manholes. 

Splices  in  Shielded  Cables.  Splices  in  shielded  cables  shall  include 
covering  the  spliced  area  with  metallic  tape,  or  like  material,  to  the 
original  cable  shield  and  connecting  it  to  the  cable  on  each  side  of  the 
slice.  Provide  a  No.  6  AWG  bare  copper  ground  connection  brought  out  in  a 
water  tight  manner  and  ground  to  a  3/4  inch  x  10  feet  ground  rod  as  part  of 
the  splice  installation.  Wire  shall  be  trained  to  the  sides  of  the  enclosure 
in  a  manner  to  avoid  interference  with  the  working  area. 

Phasing  and  Rotation.  Contractor  to  record  the  phasing  and  rotation  of  the 
existing  electrical  system  before  cable  splicing,  cable  removal,  termination, 
and/or  any  work  that  could  alter  the  phasing  and  rotation  of  the  system. 

After  completion  of  the  work  and  before  connecting  any  load  to  the  system, 
the  contractor  shall  verify  that  the  phasing  and  rotation  is  as  it  existed 
and  has  not  been  altered. 

WIRING  MATERIALS,  600  V  CLASS: 

Conductors  shall  be  stranded  for  all  sizes  of  wire  and  cable. 

Conductors  shall  be  copper  for  all  sizes. 

Wire  insulation  shall  be  type  THHN/THWN  for  all  600  volt  conductors  unless 
otherwise  noted. 
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Minimum  size  of  power  conductors  shall  be  No.  12. 

Splices  for  600  Volt  Cables.  Splices  in  underground  systems  shall  be  made 
only  in  accessible  locations,  such  as  manholes  and  handholes,  using  a 
compression  connector  of  the  conductor  and  by  insulating  and  water  proofing 
by  a  method  suitable  for  continuous  submersion  in  water. 

Heat-Shrink  Method.  All  splices  for  600  volt  and  less  cable  shall  be  done  by 
the  heat-shrink  method.  Provide  heavy-wall  heat-shrinkable  splice  tubing 
rated  for  sealed  underground  connector  systems.  Tubing  shall  be  available 
uncoated,  or  with  a  thermoplastic  adhesive-sealant  that  adheres  to  PVC, 
neoprene,  polyolefin,  and  EPR  aluminum  or  steel. 

CONNECTORS: 

Compression  and/or  lug  type  connectors,  such  as  "Burndy",  shall  be  used  for 
splicing  No.  6,  and  larger  600  volt  cable. 

High  Voltage  Cable  Terminations.  IEEE  48,  Class  2.  Except  as  otherwise 
indicated,  terminators  for  extruded  insulation  nonmetallic  jacketed  cables 
shall  be  porcelain  insulator  type.  Apply  terminator  to  single  conductor 
cables  or  to  each  conductor  of  multiple  conductor  cable  that  are  to  the 
weather.  Terminator  shall  not  exude  any  filler  compound  under  either  test  or 
service.  The  terminator  shall  consist  of  a  porcelain  insulator,  cable 
connector-hoodnut  assemble,  and  aerial  lug,  as  required,  metal  body  and 
supporting  bracket,  sealed  cable  entrance,  and  internal  stress  relief  device 
for  shielded  cable,  and  insulating  filler  compound  or  material. 

Terminator,  Modular,  Molded  Rubber  Type.  IEEE  48,  Class  2.  Provide 
terminator  as  specified  herein  for  terminating  single  conductor,  or  the 
single  conductor  of  multiconductors,  solid  insulated,  nonmetallic  jacketed 
type  cables  for  service  voltage  up  to  35  KV  outdoor.  The  terminator  shall 
consist  of  a  stress  control,  ground  clamp,  nontracking  rubber  skirts. 
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crimp-on  connector,  rubber  cap,  and  aerial  lug.  Provide  heat-shrinkable 
elbow  sealing  adaptor  as  shown  on  plans,  allowing  the  metallic  cable 
shielding  to  be  externally  grounded  and  sealed.  Separate  parts  of  copper  or 
copper  alloy  shall  not  be  used  in  contact  with  aluminum  or  aluminum  alloy 
parts  in  the  construction  and  installation  of  the  terminator. 

Wire/Device  Identification:  All  cable  systems,  major  conduits,  and  devices 
shall  be  permanently  marked.  Conduits  shall  have  stainless  steel  tags  at 
every  60  feet  or  where  wall  or  building  penetrations  occur.  All  conductors 
shall  be  identified  with  self-adhering  oil  and  moisture  resistant  vinyl 
labels,  covered  with  clear  heat  shrink  tubing  or  white  heat  shrink  tubing 
with  black  typed  on  letters  with  nonsmearing  ink  as  manufactured  by  Brady, 
T&B,  or  approved  equal.  Hand  lettered  labels  shall  not  be  used.  All 
conductors  shall  be  clearly  marked  with  the  proper  phase  identification. 

CONDUIT  SYSTEM: 

All  conduits  shall  be  RGS  or  IMC  with  exception  of  underground,  which  can  be 
PVC,  and  which  shall  be  3  feet  minimum  below  grade  and  encased  in  2  inches 
minimum  red  concrete.  All  bends  roust  be  RGS  or  IMC.  Conduit  systems  shall 
be  completed  per  the  NEC. 

PART  3  -  EXECUTION 

INSTALLATION: 

General:  Install  electrical  cable,  wire,  and  connectors  as  indicated  on  the 
drawings,  in  accordance  with  the  manufacturer's  written  instructions, 
applicable  requirements  of  NEC  and  NECA's  "Standard  of  Installation",  and  in 
accordance  with  recognized  industry  practices  to  ensure  products  serve 
intended  functions. 

Pull  conductors  together  where  more  than  one  is  being  installed  in  a  raceway. 
Do  not  exceed  the  conductor  manufacturer's  recommended  pulling  tension  or  as 
specified  in  the  IPCS  Handbook.  Use  pulling  compound  or  lubricant,  where 
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necessary;  compound  must  not  deteriorate  conductor  or  installation.  Tension 
shall  be  monitored  when  pulls  involve  more  than  40  feet  or  when  3  or  more  90 
degree  turns  are  in  the  system. 

Use  pulling  means  in'luding  fish  tape,  cable,  or  rope  which  cannot  damage 
raceway. 

Install  splices  and  taps  in  an  accessible  junction  box  that  has  mechanical 
strength  and  insulation  rating  equivalent-or-better  than  conductor. 

Use  splice  and  tape  connectors  that  are  compatible  with  conductor  material. 

TESTING: 

High  Potential;  After  installation  and  installing  stress  cones,  all  15  KV 
cable  shall  be  tested  at  twice  the  normal  operating  voltage  plus  1000  volts. 
The  test  duration  shall  be  15  minutes  on  each  cable.  See  IEEE  standard 
400-1980  (lEt  ''tide  for  making  high-direct-voltage  tests  on  power  cable 
systems  in  the  field). 

Meggering:  Before  terminating,  test  all  cable  or  wire  for  insulation 
resistance  with  500  volt  megger.  Any  wire  with  less  than  10  megohms  to 
ground  or  other  conductors  shall  be  replaced  before  proceeding  with  the 
terminating.  List  conductors  tested  on  required  test  data  submittal  sheet. 

ELECTRICAL  CONTINUITY  AND  PHASE  ROTATION: 

After  conductor  connectors  are  installed  and  conductors  are  labeled,  but 
before  termination  to  terminals  or  devices,  an  electrical  continuity  test 
shall  be  performed  on  each  conductor  using  a  battery  powered  buzzer  or 
ohmmeter  to  determine  that  all  power,  control,  grounding,  and  other 
conductors  are  properly  installed  and  identified.  List  all  conductors  tested 
on  required  test  data  submittal  sheets. 

After  initial  energizing  of  the  transformer,  check  for  proper  phase  rotation. 
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APPENDIX  D 

OUTLINE  SPILL  PREVENTION,  CONTROL,  AND  COUNTERMEASURES  PLAN 
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OUTLINE  SPILL  PREVENTION,  CONTROL.  AND  COUNTERMEASURES  PLAN 
MINIMUM  SPILL  PREVENTION  REQUIREMENTS 

The  following  shall  be  performed  before  the  start  of  and  during  any 
fluid  removal  from  a  liquid  cooled  transformer  (i.e.,  PCB  filled,  oil 
filled,  or  silicone  filled). 

a.  A  layer  of  6  mil  polyethylene  sheeting  shall  be  placed  around  the 
transformer. 

b.  If  drains  are  present,  measures  will  be  taken  to  eliminate  the 
potential  for  any  fluids  from  entering  the  drains.  This 
includes,  but  is  not  limited  to,  constructing  a  dike,  trenching 
around  the  drain,  and/or  plugging  the  drain. 

c.  Before  pumping  the  fluids,  all  hoses  shall  be  inspected  for  any 
holes,  cracks,  or  deterioration.  Fittings  shall  be  inspected  to 
ensure  a  proper  connection.  Any  gaskets  utilized  in  the  pumping 
operations  shall  be  inspected  for  integrity.  Approved  hoses, 
pumps,  and  gaskets  shall  be  used. 

d.  Drip  pans  shall  be  placed  under  pumps  and  connections. 

e.  Pumps  and  hoses  shall  be  positioned  so  as  to  minimize  any 
tripping  hazard. 

f.  Personnel  will  monitor  the  pumping  operation  at  all  Limes. 

g.  An  adequate  supply  of  absorbent  materials  and  cleanup  equipment 
shall  be  readily  available  in  the  event  of  a  mishap. 
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This  includes  the  following,  but  not  limited  to: 

1.  Shovels 

2.  Brooms 

3.  DOT  drums:  17E,  17H,  and  85  gallon  recovery  drum 

4.  Ample  supply  of  rags 

5.  Vermiculite  (Speedi-Dry) 

6.  Absorbent  booms  and/or  absorbent  pads 

7.  Assorted  corks,  plugs,  and  emergency  seals 

8.  Material  Safety  Data  Sheets  (MSDS). 

h.  All  safety  equipment  shall  be  inspected  before  use. 

CONTROL 


In  the  event  of  a  spill  or  leak,  the  following  procedure  shall  be 
implem'-.ited: 

a.  Stop  the  source  of  the  spill.  Below  is  a  list  of  probable  source 
of  spills  when  working  with  liquid  cooled  transformers,  and  the 
remedial  action  to  be  taken  to  eliminate  the  problem. 

Source  1.  Transformer 


1.  Location  of  leaks:  valves.  Remedial  action:  plug  valve 

to  reduce  or  stop  spill.  Pump  fluid  below  valve  and  replace 
faulty  valve. 

2.  Location  of  leak:  bushing.  Remedial  action:  Pump  fluid 

below  bushing  level.  Replace  gaskets,  or  if  necessary, 
replace  bushing. 
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3.  Location  of  leak:  tank  wall  or  radiator  pipe.  Remedial 
action:  pump  fluid  below  level  of  leak  and  either  epoxy  or 
weld  close  the  leak  source.  If  the  source  of  the  leak  is 
small,  a  vacuum  can  be  pulled  on  the  transformer  before 
applying  the  epoxy  sealant  or  welding.  Pulling  a  vacuum  on 
the  transformer  eliminates  the  need  for  any  pumping 
operations. 

4.  Location  of  leak:  tap  changer,  liquid  level  gauge,  or 
temperature  gauge.  Remedial  action:  remove  fluid  below 
level  and  replace  packing  material,  gaskets,  or  thread 
sealant  where  applicable. 

Sou'^ce  2.  Pumps  or  Hoses 

Remedial  action:  Stop  all  pumping  operations  and  place  apparatus  into  an 
adequate  container  to  capture  any  fluids. 

Source  3.  Drums 

Remedial  action:  In  the  event  that  the  drum  is  seeping  at  the  seams,  the 
fluid  shall  immediately  be  transferred  to  another  drum.  Should  a  drum 
rupture  or  become  punctured,  an  oversized  recovery  drum  will  be  used.  The 
recovery  drum  is  placed  over  the  top  of  the  leaking  drum.  Then,  the 
recovery  drum  is  placed  upright,  containing  the  leaking  drum. 

b.  Stop  the  migration  of  any  spilled  fluid.  This  can  be  done  by 
placing  the  berm  around  perimeter  of  the  spill.  A  berm  can  be 
constructed  using  any  type  of  absorbent  material,  i.e., 
vermiculite  (Speed! -Dry) ,  sand,  rags,  absorbent  boom  or  pads. 

c.  Solidify  any  free  standing  fluid. 
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d.  Safety  apparel  shall  be  worn  when  dealing  with  spills  involving 
PCB  fluids. 


COUNTERMEASURES 

The  countermeasure  operations  are  the  cleanup  and  disposal  of  all 
contaminated  material  that  is  a  result  of  the  spill.  The  primary  goal  of 
all  cleanup  activity  is  to  maintain  a  safe  environment. 

a.  Cleanup 

1.  fluids:  If  the  volume  of  fluids  is  great  enough  to  where 
solidification  is  impractical,  the  liquid  shall  be  pumped 
into  DOT  17E  drums.  These  drums  must  be  properly  labeled 
and  dated. 

2.  Solids:  Any  porous  solids  (soils,  asphalt,  wood,  paper, 
etc.)  contaminated  by  the  spill  shall  be  placed  into  DOT  17H 
(removal  head)  drums.  These  drums  must  be  properly  labeled 
and  dated. 

3.  Major  Spills:  In  the  event  that  the  spill  exceeds  the 
control  and  cleanup  capabilities  that  are  onsite,  an  outside 
contractor,  who  specializes  in  environmental  cleanup  and  has 
all  permits  and  licenses  required,  must  be  contacted.  This 
contractor  must  be  equipped  to  handle  various  types  of 
spills. 

Analysis.  During  the  cleanup  operations,  sampling,  and  analysis 

must  be  performed.  The  analytical  data  are  needed  to  present  an 

accurate  picture  of  the  following: 

1.  The  extent  of  the  spill 

2.  The  effectiveness  of  the  cleanup  operations 
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3.  The  point  in  time  when  the  environment  has  been 
decontaminated. 

b.  Disposal .  The  disposal  of  all  contaminated  materials  must  be  in 
accordance  with  the  applicable  EPA  regulations  (40  CFR  761). 

All  work  will  be  inspected  by  the  EG&G  Idaho,  Inc. 
representative. 

Transportation  of  hazardous  waste  to  the  disposal  site  shall 
conform  to  40  CFR,  Part  263.  All  Federal,  state,  and  local 
permits  and  labeling  and  approvals  shall  be  completed  before  the 
shipment  of  waste  from  the  transformer  site. 
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SWITCHGEAR  SPECIFICATION 


1.0  GENERAL 

Provide  and  install  switchgear  with  the  transformer  as  referenced  in  the 
data  sheets.  The  switchgear  shall  consist  of  one  or  more  enclosed 
vertical  sections  joined  together  to  form  a  rigid,  free  standing 
assembly.  The  construction  of  the  switchgear  shall  meet  the  requirements 
of  the  NEC. 

2.0  PRODUCTS 

600  Volt:  Switchgear  shall  be  suitable  for  operation  for  480  volt,  3 
phase,  3  wire,  60  Hertz  grounded  service. 

Vertical  Sections:  Vertical  sections  shall  support  the  horizontal  and 
vertical  buses,  covers,  and  doors,  and  shall  be  designed  to  allow  for  easy 
rearrangement  of  units.  Vertical  sections  shall  have  structural 
supporting  members  formed  of  a  minimum  of  13  gauge  hot-rolled  steel.  All 
finished  surfaces  shall  be  blemish-free.  Each  section  shall  be  90  inches 
high  and  shall  have  7  gauge  steel,  3  inches  high,  removable  lifting  angle 
and  two  1-1/2  inches  high  base  channels.  Complete  control  center  lineups 
r‘'all  be  divided  into  shipping  splits  no  wider  than  approximately  60 
inches.  A  lifting  angle  shall  be  provided  on  the  top  of  each  shipping 
split  and  shall  extend  the  entire  width  of  the  shipping  split.  Lifting 
angles  shall  be  designed  to  support  the  entire  weight  of  the  switchgear 
and  shall  have  access  points  or  lifting  eyes  to  facilitate  handling.  Base 
channels  shall  be  provided  with  holes  to  permit  bolting  the  switchgear  to 
the  floor.  The  entire  assembly  shall  be  constructed  and  packaged  to 
withstand  all  stresses  induced  in  transit  and  during  installation. 
Switchgear  shall  be  designed  so  that  matching  vertical  sections  of  the 
same  current  rating  and  manufacture  can  be  added  later  at  either  end  of 
the  lineup  without  use  of  transition  sections  and  without  difficulty. 
Removable  end  closing  plates  shall  be  provided  to  close  off  openings  on 
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the  end  of  the  lineup.  A  removable  top  plate  shall  be  provided  on  each 
vertical  section  and  shall  be  of  one  piece  construction  for  added 
convenience  in  cutting  conduit  holes.  The  design  shall  allow  use  of  the 
standard  conduit  entrance  area  without  significant  sag  or  deformation  of 
the  top  plate. 

Vertical  sections  shall  be  designed  to  accommodate  plug-on  units  in 
front-of-board  construction.  Vertical  sections  housing  plug-on  units 
shall  be  15  inches  deep. 

Vertical  sections  shall  be  provided  with  both  horizontal  and  vertical 
wireways.  Sufficient  clearances  shall  be  provided  in  the  horizontal 
wireway  so  that  no  restriction  is  encountered  in  running  wires  from  the 
vertical  to  horizontal  wireway.  Wireways  shall  be  in  accordance  with  the 
wireways  section  contained  in  this  document. 

Ho’^izontal  Wireways:  Horizontal  wireways  shall  be  provided  in  the  top  and 
bottom  of  each  vertical  section  and  shall  be  arranged  to  provide  full 
length  continuity  throughout  the  entire  assembly.  The  top  horizontal 
wireway  shall  have  a  cross  sectional  area  of  not  less  than  20  square 
inches  with  openings  between  sections  of  not  less  than  11-1/2  square 
inches.  The  bottom  horizontal  wireway  shall  extend  through  the  length  and 
depth  of  the  11-1/2  square  inches  to  allow  for  full  length  continuity 
throughout  the  entire  assembly.  The  bottom  horizontal  wireway  height 
shall  be  not  less  than  9-1/4  inches.  Covers  for  all  wireways  shall  be 
equipped  with  captive  type  screws  to  prevent  loss  of  hardware  during 
installation.  All  wireways  shall  be  isolated  from  the  bus  bars. 

Vertical  Wireways:  A  vertical  wire  trough  shall  be  located  on  the 
right-hand  side  of  each  vertical  section  and  shall  extend  from  the  top 
horizontal  wireway  to  the  bottom  of  the  available  unit  mounting  space. 

Each  vertical  wire  trough  shall  have  a  cross-sectional  area  of  not  less 
than  19  square  inches  and  shall  be  isolated  from  the  bus  bars  to  guarc 
against  accidental  contact.  A  separately  hinged  door  having  captive  type 
screws  shall  cover  the  vertical  wire  trough  to  provide  easy  access  to 
control  wiring  without  disturbing  the  unit. 
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Reusable  wire  ties  shall  be  furnished  in  each  vertical  wire  trough  for  the 
purpose  of  grouping  and  securely  holding  wires  in  place  for  a  neat  and 
orderly  installation. 

Bus  Bars:  A  continuous  main  3-conductor  horizontal  bus  shall  be  provided 
over  the  full  length  of  the  switchgear.  When  necessary,  the  bus  shall  be 
split  to  allow  for  ease  in  moving  and  handling.  Splice  bars  will  be 
supplied  to  join  the  bus  whenever  a  split  has  been  made.  All  splice 
connections  shall  be  made  with  at  least  2  bolts.  Horizontal  busbars  shall 
be  mounted  edgewise  and  supported  by  insulated  bus  supports.  Insulation 
shall  be  used  as  required  by  NEMA  standards  and  shall  be  dated  at  no  less 
than  600  VAC. 

For  distribution  of  power  from  the  main  horizontal  bus  to  each  unit 
compartment,  a  3-phase  vertical  bus  shall  be  provided.  The  vertical  bus 
shall  be  firmly  bolted  to  the  horizontal  bus  for  permanent  contact. 

The  main  horizontal  and  vertical  buses  shall  be  made  of  copper  and  the 
entire  length  shall  be  electrolytically  tin  plated  to  provide  maximum 
protection  to  the  bus  bars  from  normal  or  adverse  atmospheric  conditions. 

The  main  horizontal  bus  rating  shall  be  a  minimum  800  amperes  continuous. 
Vertical  bus  rating  shall  be  a  minimum  of  300  amperes  for  adequate  current 
carrying  capacity.  Continuous  current  ratings  shall  be  in  accordance  with 
temperature  rise  specifications  set  forth  by  UL,  ANSI,  and  NEMA  standards. 

A  copper  ground  lug  shall  be  provided  in  each  incoming  line  vertical 
section  capable  of  accepting  No. 8  to  350  MCM  cable.  A  horizontal  (and 
vertical)  tin  plated  copper  ground  bus  shall  be  provided  in  each  section 
of  the  switchgear.  Horizontal  ground  bus  shall  run  continuously 
throughout  the  switchgear  except  where  splits  are  necessary  for  ease  of 
shipment  and  handling  in  which  case  splice  bars  shall  be  provided.  Ground 
bus  shall  be  tin  plated  copper.  Horizontal  ground  bus  shall  be  located  at 
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the  bottom  of  the  switchgear.  Vertical  ground  bus  shall  run  parallel  to 
the  power  distribution  bus  in  each  vertical  section.  Design  shall  be  such 
that  for  any  plug-on  unit  the  ground  bus  stab  shall  make  contact  with  the 
ground  bus  before  the  power  bus  contact  is  made. 

Bus  Bar''ie'’s:  Insulated  horizontal  and  vertical  bus  barriers  shall  be 
furnished  to  reduce  the  hazard  of  accidental  contact  with  the  bus. 

Barriers  shall  have  a  red  color  to  indicate  proximity  of  energized  buses. 
Vertical  bus  barriers  shall  have  interlocking  front  and  back  pieces  to 
give  added  protection  on  all  sides  and  shall  segregate  the  phases  to 
reduce  the  possibility  of  accidental  "flash  over."  Small,  separate 
openings  in  the  vertical  bus  barriers  shall  permit  unit  plug-on  contacts 
to  pass  through  and  engage  the  vertical  bus  bars.  Bottom  bus  covers  shall 
be  provided  below  the  vertical  bus  to  protect  the  ends  of  the  bus  from 
accidental  contact  with  fish  tapes  or  other  items  entering  from  the  bottom 
of  the  enclosure. 

Controls  and  Meters:  All  new  service  panels  shall  be  equipped  with  the 
following: 

Kilowatt  Meters.  Type  II,  Class  3,  Style  B  and  shall  have  provisions  for 
pulse  inititation.  Kilowatt  meters  shall  be  flush  switchboard  type  as 
indicated  on  the  drawings  and  shall  be  totally  compatible  to  each 
particular  application.  Kilowatt  meters  shall  be  of  one  manufacturer, 
secondary  type. 

•  The  meters  shall  have  an  electronic  demand  register.  The 
register  shall  be  used  to  indicate  maximum  kilowatt  demand  as 
well  as  cumulative  basis.  It  shall  have  provisions  to  be 
programmed  to  calculate  demand  on  a  rolling  interval  basis. 

•  The  register  shall  be  of  modular  design.  The  electronic  module, 
containing  all  the  program  variables,  shall  be  able  to  be  easily 
removed  from  the  mechanical  register  for  programming,  maintenance 
and  trouble  shooting. 
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All  electronic  modules  shall  be  physically  identical  and 
interchangeable. 

A  frictionless  optical  assembly,  mounted  directly  to  the  meter 
frame,  generating  12  pulses  per  meter  disc  revolution  for  input 
to  the  electronic  register  shall  be  provided. 

Each  kilowatt  meter  shall  also  be  complete  with  a  5-dial 
mechanical  kilowatt  hour  register. 

Meters  shall  be  3  stator,  120  volt  for  use  on  a  wire  Y,  3-phase 
system. 

Meter  multiplier  shall  be  shown  on  the  face  plate  and  shall  be 
the  product  of  the  indicated  current  transformer  and  potential 
transformer  ratio. 

Draw  out  arrangement  for  meter  removal  incorporating 
automatically  short  circuit  current  transformer  circuits. 

Meter  covers  shall  be  polycarbonate  resin. 

Meter  detent  to  prevent  negative  registration  by  restricting  the 
backward  rotation  of  the  disk. 

The  normal  billing  data  scroll  shall  be  fully  programmable.  The 
following  items  shall  be  displayed  in  the  data  scroll; 

Kilowatt  hours 
Maximum  demand 

Cumulative  or  continuously  cumulative 
Number  of  demand  resets 
Time  remaining  in  interval 
End-of-interval  indication 
New  maximum  demand  indication 
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•  The  register  shall  incorporate  a  built-in  test  mode  that  allows 
it  to  be  tested  without  the  need  fo*"  any  special  tools  or  other 
accessories  and  saves  data  and  constants  before  start  of  the 
test.  The  following  quantities  shall  be  available  for  display  in 
the  test  mode: 

Time  remaining  in  demand  interval 
Present  interval's  accumulating  demand 
Maximum  demand 

Number  of  impulses  being  received  by  the  register 

•  Pulse  initiator  with  programmable  ratio  selection. 

•  Battery  with  battery  port  for  quick  changes. 

•  Meters  shall  be  programmed  after  installation. 

•  Meters  shall  be  tested,  c:ilibrated,  and  certified  after 
installation. 

•  Self-monitoring  to  provide  for  stored  data  check  sum  error,  ROM 
and  RAM  checksum  error,  battery  fault,,  and  unprogrammed  register. 

•  Liquid  cr.  otal  display,  9  digits,  blinking  squares  confirm 
register  operation.  Large  digits  for  data  and  smaller  digits  for 
display  identifier. 

•  Display  operations,  programmable  sequence  \  th  display 
identifiers.  Display  identifiers  shall  be  selectable  for  each 
item.  Continually  sequence  with  time  selectable  for  each  item. 

Circuit  Breakers:  Molded  case  circuit  breakers  shall  be  furnished  in 
branch  feeder  units  using  circuit  breakers  as  a  disconnect  means.  All 
circuit  breakers  will  have  a  push-to-trip  test  feature  for  testing  and 
exercising  the  trip  mechanism.  Breakers  shall  be  UL  listed  for  a  minimum 
of  22,000  ^moeres  RMS  sywietrical  fault  withstandabil ity. 
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Main  breakers  (480  volt  panels  only)  shall  be  equipped  with  auxiliary 
contacts  and  shunt  trip  coils.  Optional  electrical  operation  mechanisms 
shall  be  proposed  for  possible  use  if  funding  levels  are  adequate. 

Identification:  A  control  center  identification  nameplate  with  factory 
identification  numbers  and  characteristics  shall  be  fastened  on  the 
ve-'cical  wire  trough  door  of  every  section.  Each  unit  shall  have  its  own 
identification  nameplate  fastened  to  the  unit  saddle.  These  nameplates 
shall  have  suitable  references  to  factory  records  for  efficient 
communication  with  supplier.  Each  unit  shall  also  have  an  engraved 
nameplate  fastened  to  the  outside  of  the  unit  door  for  ease  in 
identification  and  for  making  changes  when  regrouping  units.  Main 
breakers  (480  panels  only)  shall  be  equipped  with  auxiliary  monitoring 
contacts  and  shall  be  equipped  with  short  trip  controls.  Optional 
electrical  operations  shall  be  proposed  for  possible  use  if  funds  are 
adequate. 

Wiring:  The  switchgear  wiring  shall  be  NEMA  Class  II,  Type  B. 

As  defined  by  NEMA  Stan.ird  ISC-2-322,  Class  II  switchgear  shall  include 
the  necessary  electrical  interlocking  and  interwiring  between  units. 

Type  E  wiring  shall  include  terminal  blocks  mounted  on  lift  out  brackets 
in  the  units. 

Terminal  blocks  shall  be  quick  separating  pull-apart  soloerless  box  lug 
type  or  equal . 

Finish:  All  metal  structural  and  unit  parts  shall  be  completely  painted 
using  an  electrodeposition  process  so  that  the  interior  and  exterior 
surfaces  as  well  as  bolted  joints  have  a  complete  finish  coat  on  and 
between  them. 
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3-0  ^FSTS 

3.1  Following  tests  shall  be  performed  and  results  recorded.  All  the 
equipment  tests  shall  be  performed  in  accordance  with  IEEE,  NEMA,  and  ANSI 
Standards  where  such  standards  are  definitive.  All  test  data  including  but 
not  limited  to  test  circuitry,  faulty  equipment,  and  remedial  action  will 
be  recorded,  certified,  correlated,  bound,  and  furnished  to  the  Owner. 

a.  Wiring  continuity  -  point  to  point  check  and  verification  with  the 
wiring  diagrams. 

b.  Wiring  insulation  -  check  to  ground  -  megger  at  600  volts. 

c.  Power  of  proper  amplitude  and  frequency  shall  be  applied  to  all  AC  and 
DC  circuitry.  Three-phase  potential  and  current  of  proper  frequency 
shall  be  applied  to  all  applicable  AC  connections. 

d.  Polarity  tests  of  all  AC  and  DC  circuitry.  Three-phase  power  and 
phase  angle  meter  shall  be  used  to  make  AC  polarity  test  on  power 
feeds  and  metering  circuits. 

e.  Functional  tests  shall  be  performed  on  all  equipment  to  indicate 
proper  operation  of  all  protection,  metering,  and  control  equipment. 
Power  circuit  breaker  simulators  shall  be  employed  for  the  primary  bus 
to  verify  proper  operation  of  all  equipment. 

f.  The  Owner  may  at  his  option  provide  specific  relay  and  metering  test 
forms  to  be  complied  with,  otherwise  the  Seller  shall  submit  2  copies 
of  Seller's  standard  test  forms  for  review  by  the  Engineer. 

g.  All  "as  left"  test  values  shall  be  recorded  and  shall  be  within 
manufacturer's  tolerances.  Manufacturer's  tolerances  shall  be 
indicated  on  the  test  forms. 
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h.  The  intent  of  the  acceptance  test  is  to  determine  that  the  meters  and 
relays  have  not  sustained  damaged  during  shipment  from  the 
manufacturer  and  that  the  meters  and  relay  calibrations  have  not  been 
disturbed.  If  the  examination  or  test  indicates  that  re-adjustment  is 
necessary,  the  relay  shall  be  repaired  and/c-  calibrated  as  per 
manufacturer's  instructions. 

3.2  The  Owner  and/or  Irgineer  may  elect  to  visit  the  Seller's  facilities 
on  completion  of  fabrication  of  the  equipment  to  inspect  the  equipment  and 
witness  testing  as  outlined  in  Section  3.1. 
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TRIP  REPORT 

FINAL  ACCEPTANCE  TESTING  OF 
ABB  112.5  KVA  AMORPHOUS  CORE  TRANSFORMER 
FOR  SAN  DIEGO  NORTH  ISLAND  NAVAL  BASE 


Trip  Date: 
Location : 
Attendees : 
Objective: 


FACILITY: 


Jan.  15-17,  1991 

Jefferson  City,  Missouri 

J.S.  Bertrand  &  S.A.  McBride 

Attend  witness  testing  of  amorphous  core 

transformer  for  the  San  Diego  North  Island  Naval 

Base. 


ABB's  Jefferson  City  Missouri  distribution  transformer 
manufacturing  facility  is  comprised  of  engineering, 
administration,  shipping  &  receiving,  and  manufacturing  in  a 
single  600,000  square  foot  facility.  The  plant  has  a  high  degree 
of  modern  automation,  utilizing  obotic  welders,  conveyers, 
painting  apparatus,  presses,  et.  for  a  majority  of  the 
manufacturing.  ABB  uses  an  exte..sive  Computer  Aided  Design  And 
Manufacturing  (CADAM)  system  to  simplify  the  process  of  producing 
200  to  300  transf oirmers  per  day. 

Factory  Testing: 

The  f  'owing  transformer  contracted  with  ABB  is  being 
manuf.  • ured  by  ABB  in  Jefferson  City  Missouri: 

£  Order  Number  Location  Size  f kVA)  PWC# 

1  V25E123YVY  473  112.5  CC48 


The  following  sections  will  detail  all  testing  performed  on  this 
unit.  Engineering  drawings  and  certified  test  data  are  attached 
to  this  report  as  available. 

Tests : 

1.  Turns  ratio,  polarity,  and  phase  rotation  test 

2.  Demagnetization  (exciting  current) 

3.  Half  wave  &  full  wave  impulse  test 

4.  Applied  voltage  test  of  high  voltage  coils  test 

5.  Applied  voltage  test  of  low  voltage  coils  test 

6.  Induced  voltage  test  (400Hz) 

7.  No-load  loss  test 

8.  Resistance,  impedance,  and  load  loss  test 

9.  Temperature  rise  test 
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Shop  Order  #804001  Style  #V25E123Y\^ 

This  transformer  was  specified  and  constructed  as  a  112.5  kVA  OA 
outdoor  padmounted  unit.  The  transformer  has  a  2400  volt  delta 
primary  winding  and  a  480/277  volt  grounded  wye  secondary 
winding.  The  cooling  fluid  is  193  gallons  of  RTEmp  (high 
molecular  weight  hydrocarbon) .  The  following  tests  were 
performed  on  January  16-17,  1991  on  the  linear  test  line  as 
illustrated  in  the  Electrical  Testing  Program — Jefferson  City 
Booklet  (PDL  46-300-TT-K  Page  4-5). 


TEST 


TATUS 


Turns  ratio  test 
8 : 00am 


11 : 00am 


2 : 3  0pm 


4:30pm 


Demagnetization 
5 : 00pm 


Failed.  Tne  first  rat;  test  indicated  that 
the  secondary  windings  ~ere  improperly 
connected.  This  should  have  been  identified 
during  a  preliminary  ratio  test  which 
normally  is  performed  prior  to  installation 
of  the  cooling  oil.  The  transformer  was 
removed  from  the  test  line  and  placed  in  the 
repair  area.  The  cooling  fluid  was  then 
drained  out  of  the  tank  to  a  level  just  below 
the  top  of  the  core/coil  assembly.  This 
would  allow  reconnection  of  the  secondary 
windings.  Extreme  caution  had  to  be  used  to 
avoid  introducing  any  foreign  objects  into 
the  tank  d-ring  repair  (such  as  bolts,  nuts, 
washers,  etc.).  The  root  cause  of  the 
connection  problems  was  determined  to  be  that 
the  wrong  connection  diagram  was  given  to  the 
internal  construction  team.  The  designer 
subsequently  located  the  proper  connection 
diagram  and  the  connections  were  altered  to 
the  new  configuration.  The  cooling  fluid  was 
then  very  slowly  reintroduced  into  the  tank. 
Caution  was  used  to  minimize  the  introduction 
of  air  bubbles  into  the  fluid.  The 
transformer  was  then  taken  to  th  vacuum 
chamber  where  it  was  subjected  to  two 
complete  vacuum  cycles  to  draw  any  air  from 
the  transformer.  The  transformer  was  then 
brought  back  to  the  test  line. 

A  second  ratio  test  was  performed  and  passed. 
The  polarity  and  phase  rotation  tests  also 
passed . 

Passed.  This  test  is  performed  to  remove  any 
residual  nagnetism  in  preparation  for  the 
impulse  tests.  It  also  serves  as  a  means  to 
measure  the  exciting  current. 
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Impulse  test  Each  of  the  three  high  voltage  windings  was 

5:15pm  subjected  to  a  half  wave  impulse  test  and  a 
full  wave  impulse  test.  The  test  engineer 
tested  the  windings  to  60  kV  BIL.  I  reviewed 
the  specification  and  informed  him  that  the 
requirement  was  for  75  kV  BIL.  I  stated  that 
the  60  kV  BIL  test  was  not  adequate  and  that 
they  will  be  required  to  perform  another  test 
to  the  required  75  kV  BIL.  Based  on  the 
configuration  of  their  test  line  it  was  not 
possible  to  go  backwards  and  repeat  the  test. 
The  unit  would  have  to  be  reintroduced  to  the 
lineup  following  completion  of  the  other 
tests.  They  assured  that  they  would  perform 
the  impulse  test  to  75  kV  BIL.  I  was 
contacted  on  January  22,  1991  and  informed 
that  the  75  kV  BIL  test  had  passed  without 
incident.  This  plant  does  not  have  the 
capability  to  perform  impulse  testing  of  the 
low  voltage  windings.  Therefore  the  30  kV 
BIL  tests  of  the  480  volt  secondary  windings 
were  not  performed. 

Applied  voltage  Both  the  high  and  low  voltage  tests  passed. 

Induced  voltage  The  400  Hz  induced  voltage  test  passed. 

No-load  loss  The  no-load  loss  was  measured  to  be  86  watts. 

6:00pm  This  value  was  8  watts  above  the  quoted  value 

of  78  watts. 

Load  loss  The  load  loss  was  measured  to  be  1529  watts. 

6.15pm  This  value  was  29  watts  below  the  quoted 

value  of  1558  watts. 

Resistance  Passed. 

Impedance  The  transformer  impedance  was  measured  to  be 

3.32%.  This  value  is  at  the  maximum  limit  of 
the  specified  impedance  and  is  acceptable. 

Temp  ature  rise  54.5  degrees  Celsius 
Jan.  17,1991  (24  hours) 

The  tests  on  this  unit  were  all  performed  with  exclusion  of  the 

impulse  testing  on  the  secondary  windings.  During  the  tests 

several  problems  were  identified.  These  items  which  require 

furtht  attention  are  listed  below: 
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ACTION  ITEMS: 


1.  The  transformer  nameplate  identified  the  unit  as  a  65 
degree  Celsius  rise.  It  should  be  55  degree  Celsius 
rise . 

2.  The  transformer  nameplate  identifies  the  transformer  H\' 
BIL  as  60  kV.  It  should  be  75  kV. 

3.  The  transformer  nameplate  identifies  the  impedance  as 
2.76%.  It  was  measured  to  be  3.32%. 

4.  Drawing  J801R4Q  shows  item  #12  (Pressure  relief  device, 
350CFM  at  15  psig)  located  on  the  front  of  the 
transformer  inside  the  secondary  compartment.  This 
high  volume  pressure  relief  device  which  is  required 
with  the  use  of  RTEmp  fluid  must  be  installed  on  the 
top  of  the  unit  (due  to  space  limitations) .  I  asked 
specifically  what  their  intentions  were  and  they 
informed  that  the  required  high  volume  PRD  would  be 
installed  on  one  of  the  hand  hole  cover  plates  on  top 
of  the  unit. 

5.  Jim  Hankins  will  contact  us  with  the  proposed  shipping 
information  as  soon  as  it  is  available. 

6.  ABB  (Jim  Hankins)  will  issue  us  a  Certified  Test  Report 
as  soon  as  it  is  available. 


CONSLUSION: 


The  transformer  passed  an  acceptable  series  of  tests.  The 
particular  test  series  used  by  ABB  is  almost  completely  computer 
controlled.  This  makes  it  very  difficult  for  the  observer  to 
know  what  is  going  on.  Specif.c  pass/fail  criteria  have  been 
loaded  into  the  computer  system  based  on  the  experience  of  many 
thousands  of  successful  units.  Data  from  each  of  the  tests  are 
digitized  and  sent  to  the  computer  for  analysis,  the  computer 
then  either  accepts  the  test  results  or  rejects  them.  This 
application  is  designed  for  a  volume  production  environment  in 
lieu  of  a  special/custom  transformer  environment.  All  things 
considered  this  is  a  very  im.pressive  manufacturing  plant. 
Technology,  personnel,  design,  and  materials  are  for  the  most 
part  outstanding. 
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ASEA  BPO^VN  BC'vER: 


A8B  Pow«r  T&D  Company  Inc. 

Unae^g'O J''C  D-Srr  Owl'On  Transro^mers 
jeMe'Son  C'ty  MO  65^01 


Electrical  Testing 
Program  - 
Jefferson  City 


General  Testing  Program 

Factory  tests  are  performed  on  a  transformer  to 
confirm  that  it  is  properly  designed  and  constructed 
to  carry  rated  load  and  tnat  it  will  withstand  the 
conditions  It  will  be  exposed  to  in  service.  Factory 
tests  are  evidence  of  the  reliability  of  a  transformer, 
although  the  ultimate  proof  is  trouble-free  service 
over  Its  expected  l'" 

The  Jefferson  Cit>  .'stmg  program  is  based  on 
applicable  ANSI.  IEEE,  and  lEC  stanoards  and  can 
be  divided  into  5  broad  categories; 

1  Test  Data 

A  Test  Parameters 
B  Test  Results 

2  Preliminary  Tests 
A  Core  LOSS  Test 
B  Turns  Ratio  Tes" 

C  First  Preliminary  Ratio  Test 
0  Second  Preliminary  Ratio  Test 

3  Routine  Tests 
A  Ratio 

B  Demagnetization 
C  Full  Wave  impulse 
D  Applied  Voltage  Test  of  the  HV  Circuit 
E  Applied  Voltage  Test  of  the  LV  Circuit 
F  400  HZ  Induced  Test 
G  No-Load  Loss  ano  Exciting  Current 
H  Load  Loss  Resistance  ano  Impedance 
I  Fina'  Continuity  CheCK 
J  Circuit  Breaker  Test 

4  Specia:  Tests 
A  Sound 

E  Temperature 

5  Calibration 

1.  Test  Data 

Test  data  consists  of  a  set  of  test  parameters  and  a 
set  of  test  res  jitS  for  each  individual  transformer 
Test  data  is  ’SC  m  the  office  mainframe  computer 
Test  param  are  sent  to  the  test  floor  and  stored 
within  the  te  computer  system  fo’'  later  retrieval 
when  tne  transformer  arrives  for  testing  As 
transformers  are  tested,  the  results  are  held  wifhm 
the  lest  floor  computer  system,  then  transferred  to 
the  mainframe 


A.  TEST  PARAMETERS 

A  unique  set  of  parameters  is  used  to  test  each 
individual  transformer.  This  set  is  generated  from 
a  combination  of  three  sources; 

1  Customer  Specification 

This  includes  all  of  the  transformer  ratings 
such  as  HV,  LV.  kVA.  winding  temperature 
rise,  and  frequency.  The  customer  may 
specify  special  design  tests  such  as  sound, 
temperature  rise,  or  RIV.  He  may  require  that 
the  transformer  be  tested  according  to  lEC 
standards  or  ANSI.  If  no-load  loss,  total  loss, 
impedance,  or  exciting  current  is  quoted  to 
the  customer,  then  not  to  exceed  values 
based  on  the  quote  are  sent  to  the  test  floor  as 
limits. 

2  Transformer  Standards  (lEC.  ANSI.  IEEE, 
etc.) 

The  standards  specify  the  routine  tests  that 
must  be  performed  on  every 
transformer.  Test  voltage  levels,  test  durations 
and  pass/fail  criteria  are  included.  Examples 
are 

400  HZ  Induced  Voltage  level 
Full-wave  Impulse  Voltage 
Applied  Voltage  of  the  HV  Circuit 
Applied  Voltage  of  the  LV  Circuit 

3  Design  Performance  Criteria 

If  values  Such  as  np-loac  loss,  total  loss, 
impedance  ana  excitmg  current  were  not 
Guoiec  to  the  customer  then  values  baseo  on 
the  design  anc  or  past  performance  of  tne 
transformer  style  are  sent  to  tne  test  floor  as 
pass  fail  criteria  Examples  are 

400  HZ  Induced  Voltage  Test  Curren:  Limit 
Minimum  and  Maximum  “-o  Impedance  Limits 
No-load  Losses  and  Exciting  Current  Limits 
HV  and  LV  Coil  Resistances 
Total  Losses 
Load  Losses 

The  Design  Engineering  Department  may 
specify  special  design  or  type’  tests  to  verify 
new  designs  su  n  as  choppeo-wave  impulse 
test,  short  circuit  test,  temperature  test,  sound 
or  RIV. 
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B  TES^  RES'JL-^S 

A  se!  o'  iesi  results  is  recoraeo  ‘or  eacn 
transformer  Some  of  me  vaiues  are  sent  Oirectiy 
to  me  customer  wnen  requestefl  examples  are 
no-ioac  loss  total  loss.  °o  im.pecance.  “-c  exciting 
current,  anc  me  formal  notification  tnat  the 
transformer  flic  receive  ana  pass  all  required 
tests  (Certified  Test  Report) 

The  test  results  are  recorded  m  the  design 
dataoase  to  estaoiish  actual  performance 
characteristics  of  new  designs  and  to 
dynamically  update  performance  characteristics 
of  existing  designs  as  materials  vary  and 
manufacturing  processes  are  improved 

The  test  results  are  analyzed  by  the  Quality 
Assurance  Department  to  monitor,  report  trends, 
anc  take  action  as  required  to  assure  that  quality 
manufacturing  practices  are  followed 

2.  Preliminary  Tests 

The  preliminary  tests  a-e  performed  prima  0 

establish  tne  acceptance  of  core’COii  asserr_  /.  Four 

preliminary  tests  are  performed. 

A  CORE  LOSS  TEST 

This  test  IS  performed  on  each  core  loop  to 
measure  tne  co'e  loss  at  the  (design)  induction 
level  The  cores  are  graded  according  to  tneir 
measured  losses  later  comoined  as  reoui'ed  to 
meet  the  no-ioad  losses  guaranteed  for  each 
complete  core  coii  assemoiy 

B  TURNS  RA'^lO  ~EST 

'"■'■s  tes‘  IS  performed  as  an  audit  c'  completed 
cOiis  It  ver'fies  tnat  the  num.oer  o'  turns  is 
correct  in  eacn  vsincinc  section 

C  =^|RST  RREuIMINARN  RATIO  test 

^■'e  ‘  rs"  p'e''m;''ary  ratio  test  is  located  m  tne 
co'e  coi  Cu  'd  area  prior  to  the  core  coii  oaxe 
o.e''  Fa’  c  tests  are  performed  on  a':  core  CC'I 
asse'’“o  es  at  me  rated  voltage  connection  anp  at 
a  tao.o'taces  A  smai' voltage  lacprc'im.ateiv 
T.cts  s  aoo’eo  tc  the  pnmarv  winding  "'ne 
•  oitaoe  aoo  'eo  an  ‘ne  seconcary  voltage  are 
~e'  j'ec  ov  a  o  g  tai  ratio  meter  Tre  mete' 

0'>  -‘s  tne  seconoa'v  voTage  cv  me  prima'y 

vo'taoe  anc  disoia.s  tne  ratio  For  tnree  pnase 
t'ar's'O'mers  tne  test  is  done  separate  >  on  eaon 
pnase 


D  SECOND  PRELIMINARY  RATIO  TEST 

A  second  preliminary  ratio  test  is  performed  m 
the  internal  assempiy  area  prior  to  vacuum  on 
till  This  ratio  test  IS  performed  m  the  same 
manner  as  the  first  test,  except  that  it  is  m.ade 
with  all  Bushings  installed  to  verify  that  internal 
connections  to  the  Bushings  are  made  with  the 
correct  polarity 

3.  Routine  Tests 

Routine  tests  are  performed  on  all  transformers  to 
verify  that  proper  manufacturing  practices  were 
followed  in  the  construction  of  each  transformer  and 
to  establish  performance  characteristics.  The 
following  are  routine  tests; 

Ratio 

Demag 

Full  Wave  Impulse 

Applied  Voltage  Test  of  the  HV  Circuit 
Applied  Voltage  Test  of  the  LV  Circuit 
Induced  Test 

No-load  Loss  and  Exciting  Current 
Load  LOSS  and  impedance 
Final  Continuity  Check 
Circuit  Breaker  Test 

A  RATIO  TEST 

The  ratio  test  is  given  to  verify  that  the 
transformer  s  ratio,  polarity  and  phase  rotation 
are  correct 

Twenty  volts  is  aoplied  to  the  secondary 
terminals  The  voltage  applied  anc  the  induced 
primary  voUage  are  me  'ed  and  compared  for 
ratio  arid  phase  reiafio'  o  Tnevouageis 
appiie  '  h  three  separate  connection 
confic  itions  for  tnree  pnase  units 

B  DEMAG  TEST 

Tne  cem,ag  test  is  aiverr  to  remove  any  'esiduai 
macne'  sm  ir  preparation  fo'  irr.oj'se  test 
A:so  It  serves  as  a  np-ioac  excitmg  curre-'t  test 

Rowe'  IS  applied  tc  tne  low  voltage  windings  Tne 
vC'tage  'S  'ampec  ''pr^  ze'o  to  ratec  seconoa'v 
vo'iage  anc  then  oacx  tc  zero  voits  A 
t'a"sformP'  .$  consice'ed  tc  ’'■ave  passed  'nis 
test  i'  the  exciting  current  coes  not  exceed  tne 
limit  specified  for  the  oesign  of  tne  transformer 
unoer  test 
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C  FULL  WAVE  impulse  test 

The  full  wave  impulse  tes'  attempts  to  simulate  a 
iigntninc  oistu'oance  mat  travels  some  distance 
along  a  transmission  line  Before  it  reacBes  tne 
transformer  At  tne  transformer  tms  wave  snape 
rises  from  zero  to  crest  in  12  microseconds  and 
decays  to  one-naif  value  m  50  microseconds.  The 
peak  value  is  specified  oy  ANSI  standards 
according  to  tne  transformer  rating. 

Each  HV  bushing  is  tested  by  impulsing  that 
bushing  while  grounding  one  end  of  all  windings 
and  the  tank  Each  HV  bushing  receives  an 
impulse  shot  at  one-half  the  rated  value  and  then 
another  shot  at  tne  full  impulse  value  The 
ground  current  waveforms  are  recorded  for  both 
shots  on  a  winding  and  compared.  The  current 
waveshape  at  the  reduced  impulse  shot  is  taken 
fi'^t  to  establish  the  characteristic  waveshape  tor 
the  winding  while  the  insulation  is  still 
considered  to  be  souno  if  the  current  waveshape 
of  the  full  imouise  shot  is  very  similar  to  that  of 
the  reoucec  ;  'ot,  the  winding  is  considered  to 
have  passec  tne  test. 

0  APC.IED  VOLTAGE  TEST  OF  HV  CIRCUIT 
(HuiC) 

The  HLIC  test  is  performed  to  check  the 
insulation  design  ano  to  verity  proper 
construction  The  HLiC  test  verifies  the  major 
insulation  between  the  HV  circuit  to  the  LV 
circuit  and  to  ground  (The  acronym  "HLIC" 
stands  lor  '  hign  to  low  iron  continuity'  .) 

Tne  test  is  performed  Ov  connecting  all  HV 
terminals  togetrie'  anc  applying  a  specified 
vpitr-’oe  from  tne  HV  terminals  to  ground  for  one 
m  '  jte  at  60  hZ  while  all  other  terminals  anc  the 
tc  ^  are  grounded  The  voltage  applied  is 
soec'ieC  bv  ANSI  according  to  the  transformer's 
ratings  A  transformer  is  considered  tc  have 
sjccessfuiK  passed  the  test  if  no  appreciable 

d„r.e-i;  <|Ov\S 


E  APPLIED  VOLTAGE  TEST  OF  LV  W'INDINGS 
(LHIC) 

Tne  LHiC  test  is  also  performed  to  check  the 
insulation  design  anc  to  verity  proper 
construction.  The  LHIC  test  verifies  the 
insulation  between  the  LV  circuit  to  the  HV 
circuit  and  to  ground  (The  acronym  -'LHIC" 
stands  for  "low  to  high, 'iron  continuity"  ) 

The  test  IS  performed  by  connecting  all  LV 
terminals  together  and  applying  a  specified 
voltage  from  the  LV  terminals  to  ground  for  one 
minute  :  SO  HZ  while  all  other  terminals  and  tne 
tank  ar*  ounded.  The  voltage  applied  is 
specified  by  ANSI  according  to  the  transformer 
ratings  A  transformer  is  considered  to  have 
successfully  passed  the  test  if  no  appreciable 
Current  flows  through  the  transformer. 

F.  40C  HZ  INDUCED  POTENTIAL  TEST 

The  400  HZ  test  is  performed  on  all  transformers 
to  check  insulation  design  and  verify  proper 
construction  Although  this  test  also  verifies  fe 
maior  insulation  between  the  HV  and  LV  circuits. 
Its  mam  purpose  is  to  check  the  turn-to-turn  ano 
layer-to-iayer  insulation  within  the  HV  and  LV 
Windings  Also,  this  test  checks  the  insulation 
between  phases  m  the  HV  and  LV  circ.  ‘s 

A  400  HZ  voltage  is  applied  to  the  low  age 
terminals  for  eighteen  seconds.  The  v  .e  can 
be  from  two  to  four  times  rated  (determined  by 
the  transformer  ratings  according  to  ANSI 
standards)  The  transformer  is  considered  to 
have  successfully  completed  this  test  if  the 
Current  ooes  not  exceed  a  calculated  value, 
based  on  tne  transformer  s  design 
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:lectrical  tests 
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G  NO  LOAD  LOSS  AND  EXO- ING  CURRENT 
"ne  no-ioac  losses  are  losses  c‘  a  rrar-storm?' 
exciiec  at  ratec  voitaoe  Dot  r.ot  suoD'ying  loaa 
tnat  IS,  wnen  only  excitmc  current  flows  t.nrough 
trie  energizec  wmcing  Tne  no-ioac  loss  consists 
of  me  iron  loss  m  tne  core  de'ectric  loss  ano 
tne  loss  in  tne  wmamgs  cue  to  tne  exciting 
current 

Ratec  voltage  is  apphec  to  tne  low  voltage 
terminals  witn  tne  nign  voltage  terminals  open 
circuiteC  Simultaneous  reaoi  igs  are  maoe  of 
voltage  appiiec,  power  input,  ana  excitation 
current 

The  no-loaa  loss  Tw  (true  watts)  is  the  value 
reac  Dy  a  wattmeter  measuring  tne  power  input. 
The  “'0  excitation  current  is  the  percent  of  rated 
current  drawn  during  this  test. 

The  no-load  loss  AW  (apparent  watts,  is  the 
product  of  tne  applied  voltage  and  tne  exciting 
current  (also,  times  the  square  root  of  3  if  a  three 
phase  transformer), 

H  LOAD  LOSS,  resistance  AND  IMPEDANCE 
fES" 

The  load  loss  of  a  transformer  is  the  loss  created 
Dy  Current  flow  through  tne  transformer 
wmamgs  Current  flow  tnrougn  the  windings 
creates  tne  following  two  types  of  losses: 

a  i-'R  loss  The  l•■R  loss  is  tne  real  power 
consumed  (O'"  heat  created)  Dv  load  current 
passing  tnrougn  tne  wmomc  resistance 

p  Stray  loss  Tne  stray  loss  is  the  eddy  current 
losses  caused  Dy  leakage  flux  Tne  stray  loss 
IS  generally  less  man  five  percent  of  total 
losses 


"ne  ir"pecance  voltage  is  me  voltage  croc  due  to 
icac  cu-rent  cassmg  tnrougn  tne  mcuctance  anc 
resistance  o‘  tne  wmamgs  Tne  im.pecance  is 
expressed  as  a  oe'centage  of  rated  hign  vo'tage 


The  test  IS  pe'‘o''med  Dy  snortmg  tne  LV 
Dusnmgs  togetne'-  anc  aDDiymg  sufficient 
excitation  to  tne  HV  ousnmgs  to  circulate  rated 
Current  tnrougn  tne  Hiv  circuit.  Measurements 
are  taKen  fo'  power  mput.  vnitage  applied. 
Current,  and  on  temperature  Winding  resistances 
are  measured  Then,  tne  impedance  and  load 
loss  are  calculated  at  the  rated  operating 
temperature  (normally  85°C). 

final  continuity  check 

A  continuity  test  is  performed  on  all 
transforme’'s  This  test  will  assure  our  customers 
that  the  transformer  fulfills  their  specifications 
and  p. event  possiDle  safety  nazaras  due  fo 
incorrectly  wired  transformers 

The  continuity  test  is  performed  m  Final 
Assembly  after  all  HV.  LV  and  accessory 
markings  (stencil  ',  decals,  etc  )  have  been 
acpheo  to  the  transformer  The  following  checks 
are  made 

a  The  namec’ate  is  compared  to  manufacturing 
mformatior-  tor  style,  serial  number,  kVA.  HV 
rating.  LV  rating,  tap  voltages,  impeoance. 
concucto'  materials  and  coil  BIL  rahhg, 

D  The  Quantity  of  bushings,  electrical 

accessories  ano  fuses  on  the  unit  is  ver.ned 
to  agree  with  the  nameplate  and 
manufacturing  m<ormation.  The  bushing 
Identification  on  tne  unit  is  checked  agamst 
the  nameoiaie 

c  Ah  onmmete''  is  then  used  to  check  the  unit 
anc  verify  that  me  internal  wiring  ano  the 
coeration  of  an  devices  (breakers,  swiic'-es. 
cull-out  fuses  etc  ;  agrees  with  tne 
namepiate 

Circuit  breaker  TEST 

Each  t'ansformer  that  ras  an  uncer-oii  preaxer  is 
"'-•eo  tc  the  b-eaxer  test  staton  Tne^e  eacn 
p  ‘  ••''e  breai'e’'  is  testec  by  ci''Puiaimc 
? .  ent  pu'rent  to  tr.p  me  bi-eaxe'  witnm 
twenty  seconds  This 's  a"  operational  test  wOicn 
assures  that  t''e  preaxer  was  cc'rectiy  ir-staned 
and  is  mechanically  anc  eiectricaiiy  sound 
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4.  Special  Tests 

Soeciai  tests  are  performed  a:  the  option  of  the 

customer  or  the  aesign  engineer, 

A  SOUND  TESTING 

Some  customers  specify  a  maximum  allowable 
transformer  souna  level  The  sound  generated  by 
a  transformer  is  affected  by  the  core  geometry, 
flux  density,  tank  design,  and  the  quality  of 
assembly  of  all  of  the  transformer  component 
into  a  completed  unit 

Sound  measurements  are  made  on  the  "A" 
weighted  scale  "^ne  "A"  characteristic  best 
relates  how  a  young  listener  (with  normal 
hearing)  hears  the  complex  transformer- 
generated  sound  For  reference,  zero  dB  is  a 
sound  level  |ust  barely  below  the  minimum 
detectable  sound  level  of  the  “young  listener". 
The  noise  'evei  m  a  large  office  usually  is 
between  50  and  60  dB  Very  loud  sounds  such  as 
nearby  airplanes  and  railroad  trains  may  exceed 
100  dB. 

Sound  level  tests  require  an  ambient  sound  level 
at  least  five,  and  preferably  ten.  decibels  lower 
than  the  sound  level  of  tne  transformer  and 
ambient  combined  The  tests  are  performed  in 
tne  shipping  warehouse  and  are  scheduled 
during  off-shifts  to  Obtain  the  lowest  practical 
ambient  sound  level  (approximately  36  dB) 

Sound  tests  are  made  with  the  unit  powered  at 
i00°c  and  1 10°'o  of  rated  voltage  under  no-load 
conditions 

Sound  measurements  are  made  at  three-foot 
interva's  on  a  stretched  string  contour  around 
the  tank  at  half  the  tank  height  The  points  begin 
a:  the  cram  valve  and  proceed  clockwise  around 
the  tank  The  sound  instrument  nozzle  is  pointed 
horizontally  at  the  string  with  the  enc  of  the 
mstri.^men.t  one  foot  from  tne  string 

The  measurement  values  are  averaged  to  obtain 
a'  ave’ace  A'  weighted  sound  level 


B  TEMPERATURE  TESTS 

Core  losses  and  coii  losses  are  the  primary 
sources  of  heating  within  the  transformer 
Temperatures  within  the  transformers  are  a 
function  of: 

a  Losses  generated  by  the  core  and  coil 
b  Core,  coil  and  tank  construction 

c  The  transformer  s  external  environment 
(primarily  the  surrounding  air  temperature) 

In  general,  our  transformers  are  guaranteed  to 
have  an  average  coil  winding  temperature  of  no 
more  than  65°  C  rise  over  ambient  air 
temperature  when  operated  at  rated  voltage  and 
load  conditions  (Other  winding  temperature 
rises  may  be  specified.) 

The  temperature  test  is  performed  to  determine 
the  thermal  characteristics  of  the  transformer 
and  to  verify  that  these  characteristics  are  within 
design  limits 

The  Compromise  Method  (or  Short  Circuit 
Loading  Method)  is  used  to  simulate  rated 
operating  conditions  The  low  voltage  winding 
terminals  are  shorted  ano  sufficient  current  is 
circulated  through  the  HV  windings  to  generate  a 
loss  within  the  transformer  equivalent  to  the  core 
loss  plus  the  load  loss.  The  transformer  tap 
changer  is  connected  to  its  maximum  loss 
(lowest  voltage)  position  ano  total  losses  are 
applied  to  the  transformer 

Total  Loss  =  Iron  Loss  *  Load  Loss 

The  purpose  of  this  initial  Icaamg  is  to  establish 
the  maximum  oil  nse  temperature  of  the 
transformer  Ti^ermocouples  are  usee  tc  monitor 
the  too  and  bottom  on  temperatures  anc  me 
ambient  air  tempe''atures  The  transformer  is 
operated  at  this  icacmg  untn  me  increase  m  tne 
oil  temperature  over  ampient  coes  net  cange 
more  than  t  =  C  m  three  hours 
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After  a  three-nour  period  of  staple  oii 
temperature,  the  loading  is  cut  bacK  to  rated 
current  and  continued  tor  one  hour  The 
transformer  is  then  disconnected  from  the  power 
source  Immediately,  resistance  measurements 
are  taken  as  the  transformer  cools  The  initial 
resistance  readings  on  each  winding  are  taken 
within  four  minutes  after  the  transformer  is  de¬ 
energized.  Three  additional  readings  are  taken, 
up  to  a  maximum  time  of  ten  minutes  after  the 
transformer  was  de-energized 

The  resistance  of  a  winding  prior  to  de¬ 
energizing  the  transformer  can  be  found  by 
plotting  the  resistance  readings  versus  time  and 
extrapolating  the  curve  back  to  zero  time 
Knowing  the  resistance,  the  winding  temperature 
at  the  instant  of  shutdown  can  be  calculated 
Following  are  useful  performance  data  obtained 
from  the  temperature  test: 


Avg  Oil  Rise  =  (Too  Oil  (2  Cutback  *  Bottom 
Oil  (S)  Cutback)  —  2 

Coil  Diff  =  Winding  Rise  -  Top  Oil  Rise 

Top  Oil  Rise  =  Top  Oil  @  Cutback  -  Amb.  @ 
Cutback 

Gradient  =  Winding  Rise  -  Avg.  Oil  Rise 

Winding  Rise  =  Wind.  Temp  -  Ambient  @ 

Cutback  »  (Top  Oil  @  Cutback 
-  Top  Oil  (®  Shutdown) 

5.  Calibration 

The  test  equipment  is  periodically  calibrated  to 
assure  that  the  tests  are  valid  and  accurate. 

More  detailed  information  about  the  calibration 
program  is  in  the  Electrical  Calibration  Procedure. 
QAP302. 


ABB  Powtr  TAD  Company  Inc 

Unoergrouno  D'SUiOuI'Of^  Transformers 

jeife’son  City  MO  65  tot 
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TRIP  REPORT 

FINAL  ACCEPTANCE  TESTING  OF 
NATIONAL  INDUSTRI  CAST  COIL  TRANSFORMERS 
FOR  SAN  DIEGO  NORTH  ISLAND  NAVAL  BASE 


Trip  Date: 
Location: 
Objective : 


Oct.  8-11,  1990 
Hampton  VA 

Attend  witness  testing  of  cast  coil  transformers 
for  the  San  Diego  North  Island  Naval  Base. 


Factory  Testing: 

The  following  eight  transformers  contracted  with  ABB  are  being 
manufactured  by  ABB/National  Industri  Transformer  Inc.  in  Hampton, 
VA: 


£ 

Shoe  Order 

Location 

SizefkVA^ 

PWC  # 

1 

2897 

94 

750/1000 

CC69 

2 

2898 

94 

300 

CC7  0 

3 

2899 

378-1 

750/1000 

CC27A 

4 

2900 

378-1 

500 

CC27B 

5 

2901 

472 

1500 

CC4  5 

6 

2902 

489 

1500 

CCA  9 

7* 

2903 

342 

112.5 

CC16 

6 

2904 

378-6 

500 

CC26 

*  Shop  order  #  2903  had  not  been  constructed  at  the  time  of  this 
trip.  It  is  scheduled  to  be  completed  in  late  November. 

The  following  sections  will  detail  all  testing  performed  on  each  of 
the  transformers.  The  certified  testing  reports  issued  by  National 
Industri  are  included  in  the  appendix  of  this  trip  report  should 
you  need  further  information. 

Tests : 


Coil  resistance  test 
Turns  ratio  test 
Polarity  &  phase  rotation 
No-loaa  loss 
Impedance  &  load  loss 
Temperature  rise  test 
Impulse  (BIL)  test 
Applied  potential  test 
Induced  potential  test 
Partial  discharge  test 
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Shop  Order  /2897: 


This  transformer  is  a  750/1000  kVA  AA/FA  outdoor  unit  substation 
complete  with  a  15kV  fused  primary  switch  and  secondary  switchgear. 
The  transformer  has  a  2400V/12000V  reconrectable  primary  winding 
and  a  480/277V  secondary  winding.  Each  primary  winding  is 
constructed  using  five  sections.  Ther^;  five  sections  are  connected 
in  series  for  the  12000V  configuration  and  in  parallel  for  the 
2400V  configuration.  Vertical  busses  mounted  external  to  the  coils 
are  used  to  make  the  series/parallel  connections.  High  voltage 
taps  are  provided  on  the  primary  12000V  configuration  only.  The 
primary  switch  was  built  in  as  part  of  the  unit.  The  secondary 
switchgear  was  not  present.  It  is  assumed  that  ABB  will  be 
supplying  this  switchgear  themselves.  Note  that  the  transformers 
are  painted  a  non-standard  color  and  that  the  secondary  switchgear 
will  need  to  be  painted  to  match.  The  tests  performed  on  this  unit 
and  the  results  were  as  follows: 


TEST 

Coil  Resistance 
Turns  Ratio  Test 


STATUS 

See  test  sheet. 
See  test  sheet. 


Pol.  &  Ph.  Rotat.  Tests  okay. 


No-load  Loss  Measured  no-load  losses  =  2491  watts.  This  is 

substantially  less  than  the  guaranteed  maximum 
of  2800  watts. 

Load  Loss  Measured  load  losses  =  5728  watts.  This  is 

slightly  over  the  guaranteed  maximum  of  5700 
watts,  however,  it  is  within  the  +/-  5% 

tolerance  required  in  the  RFP. 


Impedance 


Measured  to  be  5.21% — this  value  is  within 
tolerance  of  5%  (-/-  10%  dual  voltage  only) . 


Temperature  Rise  AA  measured  (Celsius)  Max  73.1 

FA  measured  (Celsius)  Max  68.3 
These  \  lues  are  within  the  required  80  degree 
C  maxim-m.  Note  that  the  transformer  failed 
the  first  FA  heat  run  test,  however,  passed 
the  second  attempt. 


Impulse  Test  All  im.pulse  tests  passed.  However,  problems 

were  encountered  on  the  H3  coil.  The  second 
chopped  wave  test  on  H3  failed.  Several 
modifications  to  the  test  connections  were 
performed  of  which  none  solved  the  pr  'em,. 
Finally  it  was  determined  that  the  cle  nee 
between  the  fan  blade  and  the  primary  co:..  was 
not  sufficient.  For  95kV  BIL,  a  minimum  of 
5.5  inches  is  needed.  The  fan  blade  was 
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approximately  2.5  inches  from  the  primary 
coil.  The  fan  appeared  not  to  be  damaged  by 
r-e  failures.  See  narrative  for  further 
discussion. 

Applied  Potential  Passed,  no  problems  detected 
Induced  Potential  Passed,  no  problems  detected 

Partial  Discharge  The  partial  discharge  tests  were  performed 

using  new  equipment  in  the  "Corona  Room".  The 
levels  of  detected  partial  discharges  were 
recorded  for  both  110%  and  150%  of  rated 
primary  voltage  at  both  the  top  and  bottom  of 
each  high  voltage  coil.  The  levels  monitored 
contain  a  substantial  amount  of  background 
noise  and  therefore  and  not  completely 
indicative  of  the  actual  level  of  partial 
discharge  in  the  coil.  The  transformer  was 
determined  to  pass  the  test  in  lieu  of  the 
misleading  results  obtained. 

The  transformer  successfully  passed  all  tests,  however,  several 
problems  were  experienced  during  the  process.  The  load  loss  was 
measured  to  be  28  watts  over  the  guaranteed  maximum  of  5700. 
However,  the  no-load  loss  was  measured  substantially  under  the 
guaranteed  maximum.  The  end  result  is  a  lower  total  loss  over  what 
was  guaranteed.  This  transformer  required  four  heat  runs,  AA 
(ambient  air)  2400V,  FA  (forced  air)  2400V,  AA  12000V,  and  FA 
12000V.  Both  of  the  AA  heat  runs  passed  without  incident,  however, 
the  FA  heat  runs  failed.  The  transformer  had  been  designed  and 
constructed  with  6  cooling  fans.  Prior  to  temperature  testing,  the 
design  engineer  had  determined  that  this  design  would  not  be 
sufficient  and  that  12  fans  would  be  required  to  maintain  adequate 
cooling.  The  design  engineer  then  issued  an  "Engineering  Change 
Notice  ECN"  to  change  the  design.  This  ECN  was  not  executed  prior 
to  testing  the  transformer.  The  transformer  was  then  modified  to 
incorporate  the  12  fan  design.  The  FA  heat  tests  were  rerun  and 
passed  successfully.  This  r edification  caused  another  problem. 
When  the  additional  6  fans  were  installed  the  clearance  between  the 
fan  blades  and  the  high  voltage  bus  was  reduced  from  6  inches  to 
2.5  inches.  This  spacing  proved  inadequate  as  the  95kV  impulse 
tests  failed.  It  turned  out  that  another  ECN  had  been  drafted  and 
not  implemented.  The  design  engineer  had  proposed  a  bussing 
modification  which  would  allow  adequate  spacing  of  5.5  inches.  VJe 
performed  the  bussing  modifications  in  the  impulse  bay  and  were 
able  to  pass  all  impulse  tests  without  further  incident.  The  final 
problem  encountered  while  testing  this  unit  was  during  the  partial 
discharge  testing.  The  "corona  room"  is  used  to  perform  partial 
discharge  testing.  The  large  transformers  however  will  not  fit  in 
their  corona  room,  thus,  accurate  isolated  testing  is  not  possible. 
The  result  is  a  substantial  amount  of  noise  overlayed  on  the 
partial  discharge  display  (lissajous  figure).  No  prr -.lems  with  the 
transformer  were  detected  during  this  testing,  howevt.r,  they  are  in 
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the  process  of  upgrading  their  test  equipment  so  that  more  accurate 
testing  can  be  performed. 


Shop  Order  #2898 

This  transformer  is  a  300kVA  indoor  padmount  unit  with  a  480V  delta 
primary  winding  and  a  208/120V  grounded  wye  secondary.  The 
following  tests  were  performed  on  this  unit. 


TEST 

STATUS 

Coil  Resistance 

See  test  sheet. 

Turns  Ratio  Test 

See  test  sheet. 

Pol.  &  Ph.  Rot. 

Tests  okay. 

No-load  Loss 

The  measured  no-load  loss  =  1318  watts.  This 
is  under  the  guaranteed  maximum  of  1400  watts. 

Load  Loss 

The  measured  load  loss  =  3200  watts.  This  is 
over  the  guaranteed  maximum  of  3100  watts. 

Impedance 

The  impedance  was  measured  to  be  3.16%.  This 
is  within  tolerance. 

Temperature  Rise 

AA  measured  (Celsius)  maximum  49.3 

Impulse  Test 

All  tests  passed  at  30kV. 

Applied  Potential 

Passed,  no  problems  detected 

Induced  Potential 

Passed,  no  problems  detected 

Partial  Discharge 

This  transformer  had  to  be  partial  discharge 
tested  in  the  transformer  test  bay  #1.  No 
problems  were  detected. 

Overall,  all  tests  passed  and  no  problems  were  identified.  The 
clearances  in  the  unit  are  very  tight,  however,  the  unit  passed  all 
30kV  impulse  tests  so  the  spacing  proved  to  be  adequate. 


Shop  Order  #2899 

This  transformer  is  a  750/1000kVA  AA/FA  indoor  unit  substation 
complete  with  a  new  l5kV  fused  primary  switch  and  new  secondary 
switchgear.  The  transformer  has  a  12kV  delta  connected  primary  and 
a  480/277V  grounded  wye  secondary. 

No  tests  were  witnessed  on  this  unit.  I  have  reviewed  the 
certified  test  report  for  this  unit  and  no  problems  were 
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identified.  The  losses,  impedance,  temperature  rise,  and 
configuration  is  within  specification.  Refer  to  the  appendix  for 
further  information. 

Shop  Order  #2900 

This  transformer  is  a  500kVA  AA  indoor  padmount.  It  has  a  480V 
delta  connected  primary  and  a  2 08 /120V  grounded  wye  connected 
secondary.  The  transformer  has  a  very  high  primary  current  and 
such  no  primary  voltage  taps  are  required.  The  primary  winding  is 
wound  as  two  sections  connected  in  parallel  to  supply  the  high 
current  required.  The  tests  performed  on  this  unit  were  as 
follows : 

TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 

Pol.  &  Ph.  Rot.  Tests  okay. 

No-Load  Loss  The  measured  no-load  loss  =  1483  watts.  This 

is  less  than  the  guaranteed  maximum  of  1600 
watts . 

Load  Loss  The  measured  load  loss  =  6204  watts.  This  is 

greater  than  the  guaranteed  maximum  of  5900 
watts.  This  value  is  9  watts  over  the  +/-  5% 
tolerance  level. 

Impedance  The  measured  impedance  =  6.22%.  This  value  is 

slightly  over  the  tolerance  value. 

Temperature  Rise  AA  measured  (Celsius)  maximum  =  54.5 

Impulse  Test  All  tests  passed  at  30kV. 

Applied  Potential  Passed,  no  problems  detected. 

Induced  Potential  Passed,  no  problems  detected. 

Partial  Discharge  This  transformer  had  to  be  partial  discharge 

cested  in  transformer  test  bay  #1.  No 
problems  were  detected. 

All  factory  tests  passed.  Note  that  a  stripped  out  insulator  on 
the  primary  bus  was  detected  and  replaced.  During  the  impulse 
testing  intermittent  problems  were  encountered  while  testing  the  H3 
terminal.  Nothing  was  found  out  of  order  with  the  transformer. 
The  *  ■  st  gear  was  reset  then  the  tests  were  rerun  and  each  test 
pass,  i  withe  .t  incident.  The  problem  was  thus  assumed  to  be  in  the 
test  equipment. 
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Shop  Order  #2901 

This  transformer  is  a  1500kVA  outdoor  retrofit  padmount  unit.  it 

has  a  12000V  delta  primary  and  a  480/277V  secondary.  The  following 

tests  were  performed  on  this  unit: 

test  status 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 

Pol.  &  Ph.  Rot.  Tests  okay. 

No-Load  Loss  The  measured  no-load  loss  =  3689  watts.  This 

is  below  the  guaranteed  maximum  of  3900  watts. 

Load  loss  The  measured  load  loss  =  9441  watts.  this  is 

below  the  guaranteed  maximum  of  9600  watts. 

Impedance  The  measured  impedance  =  5.6%.  This  is  within 

tolerance . 

Temperature  Rise  AA  temperature  (celsius)  maximum  =  67.4 

Impulse  Test  Passed,  no  problems  detected. 

Applied  Potential  Passed,  no  problems  detected. 

Induced  Potential  Passed,  no  problems  detected. 

Partial  Discharge  This  transformer  had  an  uncharacteristically 

good  response  under  the  partial  discharge 
test.  No  problems  were  detected. 

All  tests  on  this  unit  went  well.  No  problems  were  identified. 


Shop  Order  #2902 

This  transformer  is  a  ISOOkVA  outdoor  retrofit  padmount  unit.  It 
has  a  12000V  delta  connected  prim.ary  and  a  4S0/277V  grounded  uye 
secondary.  It  will  be  installed  to  replace  a  temporary  3750kVA 
unit  substation  The  existing  primary  switch  will  be  re-installed. 
The  following  tests  were  performed  on  this  unit: 

TEST  STATUS 

Coil  Resistance  See  test  sheet. 

Turns  Ratio  Test  See  test  sheet. 


Pos.  &  Ph.  Rot. 


Tests  okay. 


No-Load  Loss  The  measured  no-load  loss  =  3759  watts.  This 

value  ii  below  the  guaranteed  maximum  of  3900 
watts . 


Load  loss  The  measured  load  loss  =  9429  watts.  This 

value  is  below  the  guaranteed  maximum  of  9600 
watts. 

Impedance  The  measured  impedance  =  5.77%.  Within 

tolerance . 


Temperature  Rise 
Impulse  Test 
Applied  Potential 
Induced  Potential 
Partial  Discharge 


Not  received  yet. 

Passed,  no  problems  detected. 
Passed,  no  problems  detected. 
Passed,  no  problems  detected. 
Passed. 


The  tests  were  all  performed,  however,  the  certified  test  report 
has  not  been  received.  The  report  was  inadvertently  not  placed  in 
the  transmittal  package.  The  test  results  presented  for  this  unit 
were  taken  directly  from  my  field  notes.  The  temperature  rise 
information  is  not  available  as  I  did  not  witness  the  overnight 
temperature  rise  tests.  The  data  will  be  reviewed  when  the 
certified  test  report  is  received.  Two  of  the  high  voltage  bus 
sections  have  very  sharp  edges.  These  edges  cause  very  high  stress 
regions  on  the  bus  bars.  I  recommended  that  they  grind  the  edges 
smooth  to  eliminate  this  problem.  They  agreed  that  it  could  cause 
a  problem  and  stated  that  they  would  eliminate  the  sharp  edges. 
Several  problems  were  observed  while  performing  the  partial 
discharge  tests.  A  majority  of  the  problems  were  corrected  by 
removi.ig  the  buswork  and  adjusting  the  test  apparatus  connections 
to  the  coils.  It  was  determined  that  no  problems  existed  in  the 
transformer  coils.  Removal  of  the  sharp  edges  should  eliminate  a 
majority  of  the  remaining  problems. 


Shop  Order  #2903 

This  unit  has  not  been  built.  It  is  scheduled  for  construction  by 
late  November.  No  tests  were  performed  on  this  unit. 


Shop  Order  #2904 

This  transformer  is  a  500kVA  outdoor  padmount  unit.  It  has  a 
12000V  delta  primary  and  a  4  ./277V  secondary.  The  following  tests 
were  performed  on  this  unit' 


B-25 


TEST 


STATUS 


Coil  Resistance 
Turns  Ratio  Test 
Pol.  &  Ph.  Rot. 
No-Load  Loss 

Load  Loss 

Impedance 

Temperature  Rise 
Impulse  Test 
Applied  Potential 
Induced  Potential 
Partial  Discharge 


See  test  sheet. 

See  test  sheet. 

Tests  okay. 

The  measured  no-load  loss  =  2244  watts.  This 
is  under  the  guaranteed  maximum  of  2400  watts. 

The  measured  load  loss  =  4499  watts.  This  is 
under  the  guaranteed  maximum  of  4700  watts. 

The  measured  impedance  =  5.57%.  This  is 

within  tolerance. 

Not  received  yet. 

All  tests  passed. 

Passed,  no  problems  detected. 

Passed,  no  problems  detected. 

Passed. 


The  tests  were  all  performed,  however,  the  certified  test  report 
has  not  been  received.  The  report  will  be  sent  with  the  one  for 
unit  #2902.  The  data  will  be  reviewed  when  the  report  is  received. 
Note  that  this  unit  did  not  have  future  forced  air  fan  mounting 
brackets.  These  brackets  should  be  added  prior  to  shipping  from 
National  Industri.  They  informed  me  that  the  brackets  would  be 
added.  We  will  want  to  follow  up  in  the  field  and  verify  that  they 
did  get  installed. 


CONCLUSION: 


The  tests  went  well  in  spite  of  several  challenges.  Transformers 
#2897  through  2904  except  #2903  are  ready  for  installation.  Unit 
#2903  will  be  completed  in  late  november. 
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NATIONAL  INDUSTRI 


2S2C  sem  Sir»«t 
Hampton,  Virginia  23661 


Teiepnor^  Teia 

(8041 838-8080  82-3646 


Taiefai 

(804) 638-8905 


TRANSMITTAL  LETTER 
FOR 


CERTIFIED  TEST  REPORT 


RE:  ABB  SERVICE  CO. 

2382  E.  ARTESIA  BLVD. 
LONG  BEACH,  CA  90805 

ATTENTION:  ROGER  RATICAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO 


DATE: 

SHOP  ORDER  NO:  28970 


P.O.NO:  LS-01446-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


Sincerely, 


Patty 
Admin.  Assist.  Mkt. 


A  nil 


EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 
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£S/l  national  industri 


cert: FI EO  TEST  REPORT 

SHOP  ORDER  02897-1  STYLE  NO.  840750B057  TEST  DATE  10-09-90 

NOMINAL  VOLTAGE:  12000  Delta  /  460  Grd-Wye  Three  Phase  60  Hertz 

K\’A:  750/1000  CLASS:  AA/FA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  185  DEGREE  C  BIL  (kv) :  HV-  95  LV-  30 

CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA.  90805 


* 

* 

* 

* 

* 

* 

* 

it 

* 

KVA  * 

NO  LOAD 

* 

* 

TAP 

* 

LOAD 

* 

* 

TOTAL  SERIES 

it 

* 

* 

LOSSES 

* 

%  lex  ♦ 

* 

LOSSES 

* 

%  Z 

* 

RESISTANCE  §  95  C 

* 

* 

• 

24  C 

* 

24  C  * 

* 

95  C 

* 

95  C 

* 

PRIMARY  SECONDARY 

* 

* 

* 

(watts) 

* 

* 

(volts) 

* 

(watts) 

* 

* 

(ohms)  (ohms) 

it 

it 

* 

* 

it 

APPLIED 

VOLTAGE 

* 

INDUCED  VOLTAGE 

* 

NOMINAL  RATIO 

* 

it 

HV 

LV 

* 

400  Hz,  18  SEC. 

* 

* 

it 

(kv) 

(kv) 

it 

(volts) 

* 

* 

*  *  *  * 


it 

34 

4 

* 

960 

* 

A/B 

43.405 

* 

* 

it 

* 

C/A 

43.391 

* 

* 

it 

* 

B/C 

43.392 

* 

*  *  *  * 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 


AA 

MEASURED 

TEMPERATURE 

RISE 

(C)  : 

HV  - 

73.1 

LV  - 

60.8 

FA 

MEASURED 

TEMPERATURE 

RISE 

(C)  : 

HV  - 

68.3 

LV  - 

51.1 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.10%  AND  5445  WATTS,  (5-6)  =  5.28%  AND  5787  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  YX : 

H-G  =  .747,  L-G  =  .350  AND  H-L  =  .436 

CERTIFICATION: 

TEST  TECHNICIAN 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


II  llll 


milt 
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ES  CORPO=it’iON  ■  A  WE^'BEfi  OP  The  ASEA  BROWN  BOvERi  GROUP 


EB/L  national  INDL'STRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER 
STYLE  NO. 
K\'A  750 
TEST  DATE 


02897-1 

S40750B057 

OCTOBER  9,  1990 


*  TOP 

COIL  1 

■HE  s  11 

•INCEPTION 

«  * 

*  150  * 

4  0  pc 

*  20  pc 

* 

*  20  pc 

•EXTINCTION 

«  • 

*  110  * 

5  pc 

*  10  pc 

* 

*  10  pc 

I 

II  ^Qn 

•INCEPTION 

* 

*** 

* 

150  * 

10  pc 

* 

* 

20  pc 

•  50  pc 

•EXTINCTION 

* 

• 

* 

110  * 

3  pc 

* 

* 

10  pc 

•  15  pc 

************ 

ik  II  Cl 
mrif 

«SC*  BAOwtt  IO»(* 
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£SJL  national  industri 

2i2C  58t*  Sr'»«!  Teiepno-ie  Tei«,  Teietai 

Mamptor  Virginia  23661  iSOaj  838-8080  82-3646  (804|  838-8905 


TRANSMITTAl.  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  ICT 1 6  U« 

2382  E,  ARTESIA  3LVD. 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  28980 

ATTENTION:  ROGER  RATICAN 

JOB  NAME:  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-0  6-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


A»S 

•  r.-.  e.  .‘.i 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERI  GROUP 


£SA.  NATIONAL  INDUSTRI 


SHOP  ORDER  02898-1 


*  CERTIFIED  TEST  REPORT  * 

STYLE  NO.  810300B001  TEST  DATE  10-08-90 


NOMINAL  VOLTAGE:  480  Delta  /  208  Grd-Wye  Three  Phase  60  Hertz 

ICv’A:  3  00  CLASS:  AA  AVG  WDG  RISE:  65  DEG  C, 

INSULATION  RATED  AT  165  DEGREE  C  BIL  (kv) :  HV-  30  LV-  3C 


CUSTOMER:  ABB  SERVICE  CO. 

LONG  BEACH,  CA  90805 


PO#  LS-01446-C 


*  K\'A  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  0  85  C 

*  *  28C*28C*  *  85C*85C*  PRIMJiRY  SECONDARY 

*  *  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms) 


ANSI  STA1;DARD  impulse  test  PERFORMED  AT  30  KV  BIL. 

AA  MEASURED  TEMPERATURE  RISE  (C) :  HV  -  49.3  LV  - 


48.9 


IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  3.05%  AND  2720  WATTS,  (5-6)  =  3.18%  AND  3282  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POKER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

H-G  =  .379,  L-G  =  .539  AND  H-L  =  .292 


CERTIFICATION: 
TEST  TECHNICIAN 


ENGINEER 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


ii  II  » 
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Ee  CO'^^ORATiON  •  A  MEMBER  OF  ThE  aSEA  BROJVN  BOv'ER'  GR0J° 


EBi\,  NATIONAL  INDL'STRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER 
STYLE  NO. 
KVA  300 
TEST  DATE 


02898-1 

810300B001 

OCTOBER  8,  1990 


*  TOP  *  % 

*******.********.** 

*  « 

♦INCEPTION  * 

A**************** 


VOLTAGE  *  COIL  1  ♦  COIL  2  ♦  COIL  3  * 

*  *  *  * 

150  *  32  pc  *  35  pc  *  32  pc  * 


♦  BOTTOM  ♦  %  VOLTAGE  *  COIL  1  •  COIL  2  *  COIL  3 

*  *  *  *  * 

♦INCEPTION  ♦  150  ♦  35  pc  ♦  35  pc  ♦  31  pc 


ik  II  II 
^^IPI» 

*St  »  BOwei* 
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Ee  COHPOf^ATiON  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVER^  GROJR 


4.r*.-  ;c:“  c  '^e* 

8Ca:  3:8-3CeC 
-eio  S2-36»6 


;SLE2  »/' -s 
=€y'SEr  ■:  S.f 
SEC'.CN  S'- 


•  RPiW  Rmucsq  Rui^Wcy*  Vortaga.  RFWC  Raducad  R^Wava  Ctaran.  RWV  R^Wava  Vocaga.  RWC  RjRWtw 
Cyrram.  CW  Cwcead-Wava  Voraga.  RCWV  Rora  Wava  voiaga. 

GRO  Tamrtata  graunoad.  ARR  Tartranaa  conoaead  8  irranan.  RES  Tarrranaa  oonnagad  8  ground  Tvougn  linaa 


I  '^rtff'aasae  ev . 


/r 


I  naraoy  carrrfy  rm  m  la  a  avw  raoon  saaad  sn  ‘acuty  rasa  mmat  m  accoreanca  'Mtn  USA  Staneard  Tag:  Coca  'c 
Zisoreuaon.  r^war  and  Raguiaong  TrvBrarmara.  CS7.’,2  or  iaiast  ravisun  gwaof:  and  inat  aao  nnaiorrrm  witnsrooc 


Tta  aoova  taso. 


S«cnad. 


_ _ /?,-/_  ^  n 


national  industri 


2S20  SBm  Str*«t 
Hampton  Virginia  23661 


Teiapnorte  Teiox 

(8041 838-8080  82-3646 


Teielax 

(804,  638-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 


RE:  A3S  SERVICE  CO. 

1382  E.  ARTESIA  BLVD. 
long  BEACH,  CA  90805 

ATTENTION:  ROGER  RaTICan 

JOB  NAME:  TSA 

CjSTOhER:  abb  SERVICE  CO. 

Le  a-e  f'ansm i i ng  nefeuitM  four 
Report  for  your  recorcs. 

If  you  nave  any  Questions,  please 


Customer  Service  Supervisor 


Sincer^.l  y , 


L  i  PDy 


=  OCT  1  6  19S0 

SHOP  ORDER  NO:  028990 


P.O.NO:  L5-01A4fa-C 
(.4)  copies  of  the  Certifieo  Test 

do  not  hesitate  to  contact  me. 


AB» 

4  it  •  St.  ws  ,  f  s 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 


NATIONAL  INDUSTRI 


CERTIFIED  TEST  REPORT 

SHOP  ORDER  02899-1  STYLE  NO.  840750B056  TEST  DATE  10-15-90 

NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hertz 

KVA:  750/1000  CLASS:  AA/FA  AVG  WDG  RISE:  75  DEG.C 

INSULATION  RATED  AT  185  DEGREE  C  BIL  (kv) :  HV-  95  LV-  30 

CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA  90805 


* 

* 

♦ 

* 

* 

KVA  ♦ 

NO  LOAD 

* 

* 

TAP 

* 

LOAD 

* 

* 

TOTAL  SERIES 

* 

* 

* 

LOSSES 

%  lex  * 

* 

LOSSES 

* 

%  Z 

* 

RESISTANCE  g  95  C 

* 

* 

22  C 

* 

22  C  * 

* 

95  C 

* 

95  C 

* 

PRIMARY  SECONDARY 

* 

* 

(watts) 

* 

* 

(volts) 

* 

(watts) 

* 

* 

(ohms)  (ohms) 

* 

* 

* 

* 

* 

APPLIED 

VOLTAGE 

* 

INDUCED  VOLTAGE 

* 

NOMINAL  RATIO 

* 

* 

HV 

LV 

* 

400  Hz,  18  SEC. 

* 

■k 

* 

(kv) 

(kv) 

* 

(volts) 

* 

k 

* 

* 

* 

* 

34 

4 

* 

960 

* 

A/B 

43.271 

* 

* 

* 

C/A 

43.259 

* 

* 

* 

B/C 

43.260 

* 

* 

* 

kNSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 


^A 

MEASURED 

TEMPERATURE 

RISE 

(C)  : 

HV  - 

63.6 

LV  - 

63.2 

FA 

MEASURED 

TEMPERATURE 

RISE 

(C)  : 

HV  - 

56.9 

LV  - 

50.2 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.33%  AND  5020  WATTS,  (5-6)  =  5.52%  AND  5340  WATTS. 

PARTIAL  DISCHARGE  TFST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  FLf.FORMED  AT  2.5  KV: 

■1-G  =  .605,  L-G  =  .495  AND  H-L  =  .182 

CERTIFICATION: 

FEST  TECHNICIAN 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


A  E  t 
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SB  COnPORA’iON  ■  A  member  Of  The  ASEa  BROWN  BO/ERi  GROUP 


national  industri 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  C2899-1 
STYLE  NO.  840750B056 
Y\7s  7  50 

TEST  DATE  OCTOBER  15,  1990 


*  TOP  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  * 

*  *  *  *  *  * 

‘INCEPTION  *  150  *  5  pc  *  3  pc  *  5  pc  * 

*  *  *  ‘  * 

‘EXTINCTION  *  110  *  0  pc  *  0  pc  *  0  pc  * 


*  BOTTOM  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3  * 

*  *  *  *  *  * 

‘INCEPTION  *  150  ‘  5  pc  *  3  pc  *  3  pc  * 

'*  4r  A  #  *  * 

‘EXTINCTION  ‘  110  *  5  pc  *  3  pc  *  3  pc  * 


A  It  II 
#>\IPIP 
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EB  COBPOBATiON  •  A  MEMBER  O^  THE  ASEA  BROWN  BOVERi  GROUP 


NATIONAL  INDUSTRI 
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NATIONAL  INDUSTRI 

2520  58n  Sf#*!  Teieofione  Tetei  Teielii 

Marripion  Virginia  23661  (804  1  838-8080  82-3646  (804)  838-8905 


transmittal  LlTTE^ 

FOR 

CERTIFIED  TEST  REPORT 

'#:i  1  e  19M 

SHOP  ORDER  NO:  02^00'. 

ATTENTION:  RG3ER  RATICAN 
■J36  name  :  ”5a 

ClETOhER:  AE3  SERVICE  CO.  P.O.NO:  LS-OUAb-C 

Le  a’'®  t'ans'T' *  tt  i  ng  hereuith  four  (4)  copies  of  tne  CertifieO  Test 
Report  ‘’or  ycur  recoras. 

If  you  rave  any  questions,  please  do  not  hesitate  to  contact  me. 

Sincerely,  ,  i 

Li  Coy  Sm^Th 

Customer  Service  Supervisor 


RE;  ASS  SERVICE  CO. 

2362  E.  ARTESIA  6LVD. 
LONG  SEaCh,  CA  90805 
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EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERI  GROUP 


£B*\.  NATIONAL  INDUSTRI 


SHOP  CREEK  02900-1 


CERTIFIED  TEST  REPORT 

STYLE  NO.  810500B001  TEST  DATE  10-10-90 


NOMINAL  VOLTAGE:  480  Delta  /  208  Grd-Wye  Three  Phase  60  Hertz 

1"'A:  500/667  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  165  DEGREE  C  BIL  (kv):  HV-  30  LV-  30 

CUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONGBEACH,  CA  90805 

***********«*********«***************************«*******************^***** 


*  K\’A  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  @  95  C 

*  *  25C*25C*  *  95C*95C*  PRIMARY  SECONDARY 

*  *  (watts)  *  *  (volts)  (watts)  *  *  (ohms)  (ohms) 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  30  KV  BIL. 

AA  MEASl*RED  TEMPERATURE  RISE  (C)  :  HV  -  53.1  LV  -  54.5 

PARTIAL,  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

H-L  =  .296,  H-G  =  .605  &  L-G  =  .338 

IMPEDANCE  AJ;D  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  6.11%  AND  6442  WATTS,  (5-6)  =  6.32%  AND  6122  WATTS 


CERTIFICATION: 
TEST  TECHNICIAN 


ENGINEER  - V,, 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 


A  i»ir 
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rc  CC^^OSATION  •  A  WEMBEP  OF  The  ASEa  BBEAV‘>  BDv'EF*! 


EB/l  national  industri 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER 
STYLE  NO. 
KVA  500 
TEST  DATE 


02900-1 

810500B001 

OCTOBER  10,  1990 


«*1 

% 

*  *  1 

VOLTAGE 

lr*P****#*^ 

* 

COIL  1 

k**t^** 

* 

COIL  2 

****1 

* 

COIL 

***i 

3 

k  *  « 

« 

* 

* 

* 

^  « 

* 

•INCEPTION 

* 

*  *  1 

150 

* 

30  pc 

3  5  pc 

* 

****1 

30 

pc 

*  *  *  1 

k*« 

*  BOTTOM 

^*** 

« 

k  « 

% 

VOLTAGE 

A 

k**********k 

COIL  1 

* 

COIL  2 

****1 

* 

k***** 

COIL 

***1 

3 

k  « 

* 

* 

* 

* 

* 

* 

•INCEPTION 

* 

150 

* 

32  pc 

* 

3  5  pc 

*********** 

* 

****« 

32 

k***** 

pc 

***k 

* 

k** 

A  llil 
mpip 

0CiO««>»  BOvCB 
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c3  CORPORATION  -  A  member  OE  the  aSEA  BfiOif^N  BOvERi  GROJP 


NATIONAJL INDUSTRI 


1366’ 

8CA1  S:8-4C8C 
83*3646 


sscer  9.-  -9 
ar/  S£3  •:  fi.e: 
SCi’^iCN  B-r 


TRANSFORMER  IMPULSE  TEST  REPORT 
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EBh.  NATIONAL 

252C  SBxr.  Street  Te<epr>o'» 

Hampton  Virginia  23661  (60<)  &38-8080 


INDUSTRI 

Teiax 

82-3546 


Teieln 

1804)  838-890S 
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DATE:  'ttTieWSI 
SHOP  0 F. D E F.  S' D  ;  -I" "  ? 0  I 


n't: 


N  ; 


;:ak 


ARU 


B-59 

EB  CORPORATION  -  A  MEMBER  OF  THE  ASEA  BROWN  BOVERl  GROUP 


ES/L  national  INDL'STRI 


:H0P  order  02901-1 


CERTIFIED  TEST  REPORT 

STYLE  NO.  641500B109 


TEST  DATE  10-08-90 


lOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hertz 

n'A:  1500/2000  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

:NSTLATI0N  rated  at  ie5  degree  C  BIL  (kv) :  HV-  95  LV-  30 

rUSTOMER:  ABB  SERVICE  CO.  PO#  LS-01446-C 

LONG  BEACH,  CA  90805 

(*******•***************************«*************************************** 
(******  * 

'  K\'A  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES  * 

»  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  g  95  C  * 

►  *  23C*23C*  *  95C*95C*  PRIMARY  SECONDARY  * 

•  *  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms)  * 


*  • 

3689  *  0.647  *  12000 


*  2.43206  *  0.001307  * 


• 

* 

* 

‘  APPLIED 

VOLTAGE 

* 

INDUCED  VOLTAGE 

* 

NOMINAL 

RATIO 

★ 

» 

LV 

* 

400  Hz,  18  SEC. 

* 

* 

‘  (kv) 

(kv) 

(volts) 

« 

* 

B  B  B  B  B  B  B  B  B  B  B  B  B 

B  B  B  B  B  B  B  B  B 

* 

* 

»  34 

4 

* 

960 

★ 

A/B 

43.285 

* 

* 

it 

C/A 

43.255 

* 

* 

* 

B/C 

43.265 

* 

* 

* 

* 

kNSI  STANDARD 

IMPULSE  T 

EST  PERFORMED  AT  95  KV  BIL. 

B  JB  B  B  B  Jl  B  B  B 

kA  MEASL'RED  T 

EMPERATLT^E 

RISE  (C) 

:  HV  -  67.4  LV 

- 

64 . 8 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.51%  AND  9129  WATTS,  (5-6)  =  5.77%  AND  9794  WATTS. 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

-i-G  =  .  224,  L-G  =  .501  AND  H-L  =  .196 


lERTI FI CATION: 
TEST  TECHNICIAN 


ENGINEER 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HJiMPTON,  VA.  2  3  661 


/L  It  n 


B-60 

EE  C0==OMi-,ON  A  VEV3E”  0^  *>-’E  ASEA  B3C>vv\  80.  =  =  3=0  J'^ 


NATIONAL  INDL'STRI 


PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02901-1 
STYLE  NO.  841500B109 
KVA  1500 

TEST  DATE  OCTOBER  8,  1990 


%  VOLTAGE 


* 

* 

* 

* 

♦INCEPTION 

*  150 

* 

30  pc 

* 

* 

* 

* 

* 

♦EXTINCTION 

♦  110 

* 

0  pc 

* 

COIL  2  *  COIL  3 

* 

5  pc  *  20  pc 

* 

0  pc  *  0  pc 


*  BOTTOM  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3 

*  *  *  *  *  ■ 

♦INCEPTION  ♦  150  ♦  30  pc  *  3  pc  *  25  pc 

*  *  *  *  *  ' 

♦EXTINCTION  ♦  110  *  0  pc  *  0  pc  ♦  0  pc 
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ESh.  NATIONAL  INDUSTRI 


2520  Sem  Str*«I 
Harnpion.  Virginia  23661 


Teiepiion*  Teiaa 

(BOai  836-8060  82-3646 


Teietai 

(804)  838-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  |:t  1  fi  !3J0 

2382  E.  ARTESIA  BLVD. 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  29020 

ATTENTION:  ROGER  RATICAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO:  LS-01446-C 

We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 

Sincere^^ 

Patty  i)orris 
Admin.  Assist.  Mkt. 
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CERTIFIED  TEST  REPORT 

SHOP  ORDER  02902-1  STYLE  NO.  841500B110  TEST  DATE  10-09-90 

NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Her 

rvA:  1500/2000  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  185  DEGREE  C  BIL  (kv) :  HV-  95  LV- 

CUSTOMER:  ABB  SERVICE  CO.  PO/  LS-01446-C 

LONG  BEACH,  CA  90805 


*  *  *  *  *  * 

*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  * 

*  *  LOSSES  *  \  lex  *  *  LOSSES  * 

*  *29C*29C*  *95C* 

*  *  (watts)  *  *  (volts)  *  (watts)  * 


*  1500  * 

*  * 


*  TOTAL  SERIES 

%  Z  *  RESISTANCE  §  95  C 

95  C  *  PRIMARY  SECONDAR 

*  (ohms)  (ohms) 


5.77  *  2.40637  *  0.00131 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.65%  AND  9192  WATTS,  (5-6)  =  5.91%  AND  9872  K? TTS 

PARTIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV; 

H-L  =  .235,  H-G  -  .201  k  L-G  -  .476 

CERTIFICATION: 

TEST  TECHNICIAN  ' 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 
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PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  02902-1 
STYLE  NO.  841500B110 
KVA  1500 

TEST  DATE  OCTOBER  9,  1990 


*  TOP  *  %  VOLTAGE  *  COIL  1  *  COIL  2  *  COIL  3 


*  *  *  *  *  , 

•INCEPTION  •  150  *  10  pc  •  40  pc  *  30  pc  ■ 

A*************************************************************************' 
*  *  *  *  *  ; 

•EXTINCTION  •  110  •  0  pc  •  15  pc  •  10  -c  ^ 


•  BOTTOM  •  %  VOLTAGE  •  COIL  1  •  COIl  2  •  COIL  3 


*  •  *  *  *  1 

•INCEPTION  •  150  •  20  pc  •  40  pc  •  20  pc  • 

•  *  *  *  *  1 

•EXTINCTION  •  110  •  10  pc  •  15  pc  •  4  pc  ’ 
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national  industri 


SHOP  ORDER  02904-1 


CERTIFIED  TEST  REPORT 
STYLE  NO.  840500B050 


TEST  DATE  09-19-90 


NOMINAL  VOLTAGE:  12000  Delta  /  480  Grd-Wye  Three  Phase  60  Hert 

r.’A:  500/666  CLASS:  AA/FFA  AVG  WDG  RISE:  75  DEG  C. 

INSULATION  RATED  AT  16  5  DEGREE  C  BIL  (kv)  :  H\'-  9  5  LV-  3 


CUSTOMER:  ABB  SERVICE  CO. 

LONG  BEACH,  CA.  90805 


PO/  LS-01446-C 


*  KVA  *  NO  LOAD  *  *  TAP  *  LOAD  *  *  TOTAL  SERIES 

*  *  LOSSES  *  %  lex  *  *  LOSSES  *  %  Z  *  RESISTANCE  @  95  C 

*  *  26  C  *  26  C  *  »  95  C  *  95  C  *  PRIMARY  SECONDARY 

*  *  (watts)  *  *  (volts)  *  (watts)  *  *  (ohms)  (ohms) 


500  *  2244  *  1.689  *  12000 


4499  *  5.57  *  13.50484  *  0.004515 


APPLIED  VOLTAGE  *  INDUCED  VOLTAGE  *  NOMINAI.  RATIO 

HV  LV  *  400  Hz,  13  SEC.  * 

(kv)  (kv)  *  (volts)  * 

*  * 

34  4  *  960  *  A/B  43.267 

*  *  C/A  43.253 

*  *  B/C  43.260 

*  * 


ANSI  STANDARD  IMPULSE  TEST  PERFORMED  AT  95  KV  BIL. 

AA  MEASURED  TEMPERATURE  RISE  (C) :  HV  -  66.6  LV  -  54.0 

IMPEDANCE  AND  LOAD  LOSSES  AT  TAPS: 

(1-2)  =  5.51%  AND  4344  WATTS,  (5-6)  =  5.73%  =  4638  WATTS 

PAP.TIAL  DISCHARGE  TEST  PERFORMED,  SEE  ATTACHED  FOR  TEST  RESULTS. 
POWER  FACTOR  TEST  PERFORMED  AT  2.5  KV: 

H-L  =  .186,  H-G  =  .182  &  L-G  =  .677 


CERTIFICATION: 


TEST  TECHNICIAN 


ENGINEER 


NATIONAL  INDUSTRI  TRANSFORMERS,  INC. 
HAMPTON,  VA.  23661 
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NATIONAL  INDUSTRI 

252C  sew  Str*«t  TBieEjnon*  Tei*»  Teielu 

Hamptor  Virginia  23661  (804i  836-8080  82-3646  (  804)838-8905 


TRANSMITTAL  LETTER 
FOR 

CERTIFIED  TEST  REPORT 

RE:  ABB  SERVICE  CO.  DATE:  CCT  1 6  I39J 

2362  E.  ARTESIA  BLVD. 

LONG  BEACH,  CA  90805  SHOP  ORDER  NO:  29040 

ATTENTION:  ROGER  RATICAN 

JOB  NAME :  TBA 

CUSTOMER:  ABB  SERVICE  CO  P.O.NO;  LS-01446-C 


We  are  transmitting  herewith  four  (4)  copies  of  the  Certified  Test 
Report  for  your  records. 

If  you  have  any  questions,  please  do  not  hesitate  to  contact  me. 


.  Mkt. 
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PARTIAL  DISCHARGE  TEST  DATA 


SHOP  ORDER  C2904-1 
STYLE  NO.  840500B050 
KVA  500 

TEST  DATE  OCTOBER  11,  1990 


•INCEPTION 


%  VOLTAGE  •  COIL  1  •  COIL  2  *  COIL  3 


3  pc  *  5  pc  *  15  pc 


•EXTINCTION 


0  pc  •  5  pc  •  0  pc 


COIL  1 


COIL  2  •  COIL  3 


•INCEPTION 


t  3  pc  •  5  pc  •  15  pc 


•EXTINCTION  • 


'  0  pc  •  5  pc  •  0  pc 
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Appendix  C 

Operating  and  Maintenance  Manuals 
and  Product  Information 


c-i 


August,  1985  Manual  7421-1 

Instructions  for  Receiving,  Installing 
Operating  and  Maintaining 

DRY  TYPE 
TRANSFORMERS 


SCaUARE  D  COMPANY 


INSTRUCTION 
MANUAL  7421-1 


DRY  TYPE  TRANSFORMERS 


y 


Guide  For  The 

Operation  And  Maintenance  Of 
Indoor  Ventilated  Dry  Type  Transformers 


Tins  iiis:ruc!ii'n  niDniial  cover?  ccncral  recomincn(]alions 
lor  Die  orcraiion  and  niaiiuenance  of  dr>  t>  pe  dtsiribu- 
iK'n  and  power  iransforniers. 

l  iic  successful  operation  of  these  transformers  is  depen¬ 
dent  on  proj'cr  insialialion.  loadnif  and  maintenance  as 
«cll  as  on  pror’cr  desipn  and  mjnufa>.tme  As  with  all 
electric  apparatus,  nctiiect  of  certain  fundamental  lequiie- 
ments  ma\  lead  to  serious  trouble,  if  not  to  the  loss  of 
tiie  equipment.  For  this  reason,  a  wide  distribution  of 
iiiforniatioii  in  rejtard  to  the  care  of  dr>  type  transfotiners 
IS  important,  and  these  brief  instructions  are  pubiisiied  foi 
tiiai  purpose. 

In  addition  to  the  use  of  this  guide,  the  factors-  inas  be 
consulted  for  specific  rccommeiidatioiis  on  special  condi¬ 
tions  .Also  reference  mas  be  made  to  otiier  publications, 
some  of  ssiiicli  are  listed  in  the  Appendi.\. 

1.  INSTALLATION 
A.  Location 

Factors  which  should  be  kepi  clcarls  in  mind  in  locating 
drs  Is  pe  transformers  arc  acccssibilil' .  vciitiiatioii  and 
atmospheric  condiiions. 

y  eniilarcd  drs  ispe  iransforniers  iiormall'  arc  designed 
fur  installation  indoors  in  drs  locations  They  svill  opei- 
ate  successfulis  w  here  the  liuniidits  is  higli  but  uiidet  this 
condition  i;  mas  be  necessary  to  take  precautions  to  keep 
tliciii  drs  if  tlies  arc  shut  down  for  appreciable  periods. 
Tins  IS  discussed  more  fulls  unde:  ''Operaiion."  Locations 
ssliere  there  is  dripping  water  should  be  avoided.  If  this  is 
lu'i  possiDie.  suitable  ptotection  should  oc  provided  to 
prcscii:  waier  from  enicring  the  iransformer  case.  Precau¬ 
tions  siiould  be  taken  to  ccard  against  accidental  entrance 
of  waicr.  such  as  niiplil  occur  from  an  open  window,  bs  a 
brear.  m  a  water  or  steam  line,  oi  from  use  of  water  near 
the  transformers  Adequate  ventiiaiion  is  essential  for  the 
proper  cooiinc  of  transformers  Clean  drs  an  is  desirable. 
Filtered  air  mas  reduce  maintenance  if  the  localion  rre 
^ents  a  parlicular  problem,  When  iransforniers  arc  mstall- 
ed  in  vaults  or  otiier  restricted  spaces,  sufficient  ventila¬ 
tion  should  be  provided  to  hold  the  air  temperature  svuh- 


in  established  limits  when  measured  near  the  transformer 
inlets.  This  usnalls  will  icquirc  a  minimiini  of  100  cubic 
feet  of  an  per  minute  per  kilowatt  of  transformer  loss. 
The  area  of  veniilaimg  openings  required  depends  on  the 
hcigiit  of  the  vault,  the  iocatron  of  openings,  and  lite 
maMimim  loads  ii'  be  carried  b>  the  transformers.  For 
self-cooled  itaiisloMiicis.  the  icijmi'..l  cficctivc  area 
should  be  at  least  one  square  fool  each  ol  inlet  and  outlet 
per  100  K\  A  of  rated  iransfoiTiier  capacity,  aftci  deduc¬ 
tion  of  the  area  occupied  by  screens,  gratings  or  louvers. 

Ventilated  dry  tspe  iransfornieis  should  be  installed  in 
locations  free  fioni  unusual  dust  producing  mediums  or 
chemical  fumes.  Transformers  should  be  located  at  leas; 
12  inches  frtnn  walls  or  oiiiei  obstructions  that  might  pre¬ 
vent  free  circulaiion  of  an  tliruugli  and  around  each  unit. 
The  distance  between  adiacent  iransiormers  should  not  be 
less  tiian  this  value.  /Also,  accessibiiiis  for  maintenance 
should  be  taken  into  account  m  iocatiiic  a  transformer.  If 
the  transformer  is  to  be  located  neai  combustible  matei- 
lais.  the  minimum  separations  established  b\  tiie  National 
Liecirtcal  Code  should  be  nuinianied. 


The  iransformei  case  is  designed  to  prevent  the  entrance 
of  most  small  animals  and  foreign  objects.  However,  rr. 
some  locaiions.  it  mas  be  nccessars  to  give  consideration 
to  additional  ptotection. 

In  general,  a  Fiat,  level  industrial  floor  is  adequate  and  no 
special  preparation  is  necessars  because  of  the  base  con- 
siruciion  used  on  these  transformers  which  completely 
eliminates  the  complicated  process  of  grouting  sills  into 
concrete  floors. 

If  noise  IS  a  factor  m  the  location  and  operation  of  ans 
Itansfonners.  special  considcialion  should  be  given  to  the 
mstaiialion  ol  the  equipment. 

Tlic  impulse  sticngih  s'f  these  transfoimcis  is  less  than 
that  of  liquid-imnK’iscd  mills  of  the  same  voltage  class.  If 
there  IS  ans  likcliiiuod  tlial  transloimcis  will  be  c.xposcd 
to  lich'.ninc  or  severe  sssitcliinp  suigcs.  adequate  prolcc- 
live  eqiiipmen;  should  be  inosiued. 


SQUARE  D  COMPANY 


C-5 


DRY  TYPE  TRANSFORMERS 


instruction 

MANUAL  742V1 


Transformers  of  standard  temperature  rise  are  desipned  to 
operate  at  altitudes  up  to  and  mcludinp  .'.'00  feet.  Dry 
type  transformers  arc  dcpcndciu  upon  an  for  dissipation 
of  tiicir  heal  losses  anil  conseanciitti  ihe  effect  of  de¬ 
creased  an  iieiisiti  due  to  liicK  alliiiKir  is  lo  increase  the 
temperature  use.  Standard  tiansfoimcrs  can  be  used  at 
aliiiudes  greater  than  .'300  feet  if  tiie  load  to  be  carried 
IS  reduced  bciou  nameplate  rating  as  follows 


I.  If  the  transformer  is  dr\  l>pc,  self-cooled.  Class  AA. 


icdiice  the  nameplate  raiiiip  by  0.37c  for  each  330  feet 
liiat  the  aliunde  is  above  3300  feet. 

2  If  tlie  Iransformer  is  a  dr\’  type,  forced  an  cooled. 
Class  AA.TA.  reduce  the  nameplate  rating  b\  0.57r 
for  cacli  330  feet  that  the  altitude  is  above  3300  feet. 

If  the  ma.Kimuni  24  hour  average  lempcralure  of  the  cool¬ 
ing  an  IS  lediiced  below  design  levels,  the  altitude  limtta- 
tioii  of  3300  feet  can  be  saferi  exceeded  wit/iout  reducing 
the  nameplate  rating  of  the  transformer  within  the  limita¬ 
tions  of  the  table  below  . 


Maximum  24-hour  Average  Temperature  of  Cooling  Air,  Degrees  C 


Altitude 

Type  of 
Apparatus 

3300  Feet 
(1000 
Meters) 

6600  Feet 
(2000 
Meters) 

9900  Feet 

(3000 

Meters) 

13200  Feet 

(4000 

Meters) 

DRY. TYPE  CLASS 

AA 

80'C  rise 

30 

26 

22 

18 

j  1 1  S'C  rise 

30 

24 

18 

12 

!  ISC'CnSf 

30 

22 

15 

7 

ORY-TYPE  CLASS 

AA/FA 

80'C  rise 

30 

22 

14 

6 

nS'C  rise 

30 

18 

7 

15C'C  r.se 

30 

15 

0 

-15 

B.  Inspection 

New  transformers  should  be  inspected  wjien  received  for 
damage  during  shipment  Examinatior.  should  be  made  be¬ 
fore  removing  from  cars  or  trucks  and  if  any  injury  is 
cvideni  or  an\  indication  of  rougii  handling  is  visible,  a 
claim  should  be  Hied  wnh  tiic  earner  at  once  and  the 
iiiaiiufaclurer  should  Dc  notified 

Sai'sruaentI} .  co\cn  o:  panels  s.hciuld  be  rentoyed  and  an 
micrnal  mspectior  made  for  imurv  or  displacement  of 
p.irts,  loose  Of  broker,  connections,  cracked  porcelain,  dirt 
or  h'icig'i  material  and  fo'  the  prcscn.c  of  free  water  or 
inootiirc  Corrective  measure;  should  be  taken  wliere  ncc- 
essnrj .  Snipping  braces  si'ouid  be  removed  if  provided. 

.After  3  t ransfi’rmer  is  nioveu  o-  if  i;  is  stored  before 
installation,  this  mspeciior.  should  be  repeated  before 
placing  llic  Iransformer  m  service. 


After  making  ?'!  the  necessarv  primarj  and  secondary 
connections  the  equipment  should  be  tliorouglilv  inspect¬ 
ed.  Before  placing  in  service,  tlie  operation  of  fans,  motors, 
thermal  relays  and  other  auxiliary  devices  should  be 
cliecked.  All  bolied  c'trincclions  which  may  have  loosened 
in  shipntenl  must  be  tigjitcned  before  energizing.  See 
torque  listing  below . 

Keps  nuts  must  be  tightened  to  the  following  torque: 

Size  1 '4  -  20  torque  4-6  fool  pounds 

Size  5 '16  -  IS  torque  b-lZ  foot  pounds 
5;.'e3'8  -  ) 6  torque  1  5-20  foot  pounds 
Size  1,'2  -  13  torque  2.^'30  foot  pound; 

Do  not  over  iigiitcn. 
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C.  Handiino 

L:rcc  c".  i\i'r  tr:;nsfiirnic:5  arc  corrcctl>  liaTidird  rs 
s:iowi  rciou  Tiu'  nirliiod  \*ill  prevent  caiiiaec  in  llic 
siiir'.  inc'.a!  i-n. insure  usriif  reasonable  care.  These  trails- 
In'iuers  ar;  cou.siruaicb  on  a  hca\'>  .  rieib  base  proviacd 
S'. 111.  r.ieera.  ihiii’i'  licviae!  a:  sect,  in  tlie  piioio.  Tiio\ 
nuns:  i'r  iificj  oniv  froiii  llie  base  usirip  ('toper  aaoic 


spreaders  u  nolecl  llie  eiialosurc.  11  the\  inusl  be  tolied 
o:  st.ioucd.  use  lour  roller  SKid  dollies,  one  near  cash  iiuc- 
p-a;  iifiiiip  ucs'icc,  lo  present  iippinc  and  disioriion  ol 
base  and  enalosurc. 

U'iie!;  scinilalcd  iransfonners  are  bandied  or  stored  tuil' 
lisiors.  liics  inusi  ne  ci'inpicicls  piotcctcil  acainsi  ain  in 
clenicii:  sscallicr  lo  prcscnl  cnliaiicc  oT  ram  or  snoss 


-  - 
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D.  Grounding 

Tiic  case  nncl  core  asscni^K  of  llicsr  !ran5forii;crs  simuld 
be  pernijiicntl)  and  adcqu3lcl\  grounded. 

2.  TESTING 

A.  Insulation  Resistance  —  Required 

1  GENERAL 

Tiic  insulalion  resistance  test  is  of  value  for  future  coni- 
p.irative  purposes  and  also  for  ucteriiiming  tlie  suitability 


of  the  transformer  for  energizing  or  application  of  the 
high  potential  test,  THE  INSULATION  RESISTANCE 
TEST  MUST  BE  SUCCLSSFl'LLN'  COMPLETED  FOR 
Factor^'  warka.nt'i'  to  be  \’aliu  insulation 

RESISTANCE  TEST  MUST  BE  CONDUCTED  IMMEDI¬ 
ATELY  PRIOR  TO  ENERGIZING  THE  TRANSFORM¬ 
ER  OR  BEGINNING  THE  DIELECTRIC  TEST 

All  dry  type  unit  substation  transformers  are  given  insula¬ 
tion  resistance  tests  at  the  factory.  These  values  are 
recorded  on  a  large  megger  test  tag.  facsiniilr  shp»n 
below  ,  attached  to  the  transformer. 


IMPORTANT  READ  CAREFULLY 

FOR  TRANS'^ORmER  warranty  TO  BE  VALID.  THE  FOLLOWING  MEGGER  TESTS  MUST  BE 
made,  using  a  minimum  of  a  1000  VOLT  MEGGER,  IMMEDIATELY  PRIOR  TO  PLACING 
this  transformer  in  service.  BEFORE  USING  MEGGER  BE  SURE  TO  DISCONNECT 
LIGHTNING  ARRESTERS,  FAN  SYSTEM,  METERS,  OR  ANY  LOW  VQLTaGE  CONTROL  SYSTEM 
that  is  connected  to  any  windings  INVOLVED  IN  THIS  TEST.  THE  TABULATIONS 
BElOw  are  values  obtained  ON  THE  FACTORY  TEST  FLOOR  USING  1000  VOLT 
instrument  with  a  2000  MEGOHM  SCALE.  If  values  obtained  in  the  field  TESTS 
ARE  LESS  than  1000  MEGOHM  OR  OnE-HALF  THE  FACTORY  TEST  VALUES  LISTED  BELOW 
whichever  is  the  lesser,  then  the  transformer  SHOULD  NOT  BE  ENERGIZED  UNTIL 
IT  la  DRIED  OUT  AS  DESCRIBED  IN  THE  INSTRUCTION  A4ANUAI  FOR  DRY  TYPE  TRANSFORMERS. 


Transformer  serial  no. 

CATE  TEMP.  '  c _  .  -  LOW  voltage  TO  GRD.  MEGS. 

L.V.  TO  H.V _ MEGS.,  H.V.  TO  GRD.__ _ MEGS.  BY  _ _ 


i30O«-««I.OI 


li  lire  les'  tag  if  iu'’.  or  dest’O'cd.  refer  to  the  factory 
where  a  permanent  recc'd  o^  tiicsc  lest  results  is  kept  on 
flic 

The  Firld  m'-uiaiioi  resisiancc  tes;  inu'i  be  conducted 
iiiiMu-iiiaicIv  prior  to  cut  rcp'inu  the  iransforincr.  liicsc 
vuhics.  COI.IHCIlD  to  FaCTOR'1  TFST  TL'MPLKA- 


TURE  in  degrees  Centigrade,  must  be  eitlic:  1.000  meg¬ 
ohms  or  a  nimrnium  of  one-half  or  more  of  the  values 
obtained  in  the  factory  test  when  this  value  is  less  than 
1.000  megohms.  If  the  corrected  Field  test  values  arc  less 
than  the  above  minimum,  the  iransformcr  is  considered 
unsafe  to  energize  and  luiisl  be  dried  using  procedure 
described  under  maintenance 
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DRY  TYPE  TRANSFORMERS 


TEST  PROCEDURE 

a  K  ihc  transformer  is  not  scliedulcd  to  be  cnerpized 
immediately,  i!  is  recommended  Iliat  within  one  week 
after  rcceivinp,  iieat  be  placed  under  the  transformer  to 
insure  dr\  ness  for  megper  test. 

Six  150  watt  lamps  placed  under  lire  transformer:  two 
lamps  under  each  coil,  one  on  each  side  of  the  core 
should  be  used  for  transformers  rated  T50  K\'A  and 
below  Use  si.\  .'00  watt  lamps  for  transformers  raied 
~5I  to  2000  K\  A.  Heat  should  be  supplied  on  a  con¬ 
tinuous  Z-i  hour  per  dj\  basis.  \  entilaimg  openinps 
should  DC  blocked  during  tins  period. 

b.  Make  sure  transformer  is  clean  using  vacuum  cleaner 
to  insure  removal  of  all  foreign  material  that  may 
affect  tnsulation  resistance  test  values. 

c.  Disconnect  ALL  high  voltage,  low  voltage  and 
neutral  connections,  as  well  as  hgjitning  arresters,  fan 
s>  stem,  meters  or  any  low  voltage  control  system  that 
IS  connected  to  anv  w  indings  tnvolved  in  this  test.  Do 
not  disconnect  ground  connection  to  transformer 
frame. 

: - - 

I  CAUTION  : 


TEMPERATURE  CONTROL  SYSTEM  (IF  FUR¬ 
NISHED)  MUST  BE  COMPLETELY'  DISCONNECTED 
DURING  ANY'  TRANSFORMER  TEST  SUCH  AS 
MEGGER.  DIELECTRIC  (III-POT),  DOHLE.  ETC.. 
TO  I’RIA'ENT  DESTRUCTION  OE  TEMPERATURE 
CONTROL  CIRCUITRY  . 

d  Before  beginning  nicgccr  ciiecks,  jumper  together  all 
high  voltage  connections.  Make  sure  lumpers  are  clear 
of  all  stee  .ind  grounded  parts.  Also  jumper  together 
aJ!  low  VO  :e  and  neutral  connections  again  making 
sure  lumpeis  are  clear  of  alt  steel  and  grounded  parts. 

e  Using  a  megger  with  a  niinimuin  scale  of  2.000 
megohms  and  minimum  rating  of  1.000  volts,  make 
megger  checks  with  the  megger  connected  as  follows 
(Note  Each  megeer  ciieck  to  be  maintained  for  a  per¬ 
iod  of  one  minute.) 


(1)  I  ligli  voltage  to  ground 
(21  Low  voltage  to  ground 
(.')  lligii  voltage  to  low  voltage 

f  Megper  readings  should  be  recorded  along  wiili  test 
temperature  (°Ct  If  heat  has  been  applied  to  trans¬ 
former.  dcicrminc  temperature  of  transformer  at  time 
of  test  by  placing  ihcrniomeicr  on  lop  of  transformer 
cote  and  allowing  lime  for  lliermomeier  reading  to 
stabilize.  Using  labit  i  n  page  6.  determine  correction 
muliiplier  and  multiply  field  lest  megger  readings  to 
obtain  temperature  corrected  field  lest  megger  values. 

g.  If  corrected  field  test  megger  value'  are  less  than 
cne-half  of  factory  test  readings,  the  iransfornicr  is 
not  considered  safe  for  energizing  or  performing  di¬ 
electric  tests.  Transformer  should  be  dried  as  outlined 
under  maintenance  section. 

h.  If  the  corrected  field  test  values  are  one-half  or 
more  of  the  factors  readings  or  1.000  megohms, 
whichever  is  less,  the  transformer  is  considered  safe  for 
conducting  the  dielectric  test  or  energizing.  Trans¬ 
former  connections  should  be  remade  and  transformer 
energized  iinmediaieJj  after  completing  insulation  re¬ 
sistance  test  if  dieiectric  test  is  not  to  be  compieied. 

B.  Dielectric  Test  —  Recommended 

1.  GENERAL 

The  dielectric  lest  imposes  a  stress  on  the  insulation  since 
the  dielectric  test  voltage  is  higliet  titan  the  normal  oper¬ 
ating  voltage.  Tlie  insulation  resistance  lest  must  be  suc¬ 
cessfully'  completed  immediately'  before  performing  the 
dielectric  test  to  prevent  llie  possibility  of  transformer 
failure  uue  to  moisture.  The  dieiectric  test  supplements 
the  megger  tests  b\  determining  the  suitability  of  the 
transformer  for  operation  at  rated  voltage. 

Field  test  voltages  should  no:  exceed  TfG  of  factory  test 
values.  For  routine  periodic  checks  test  voKage  should  be 
ESTc  of  factory  test  voltage.  Tlie  high  poientia'  lest  set 
must  be  variable  to  alloyy  a  gradual  inciease  of  test  voltage 
from  zero  and  gradual  decrease  after  test  is  completed. 
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Fuliowmp  IS  a  table  sliowmp  factors  dielectric  test  voltages  with  recoininended  field  and  periodic  test  voltages  relative  to 
the  rated  voltage  of  the  respective  windings. 


Transformer 

Winding  Rated 

A.C  Voltaoe 

I  Factory 

I  Test 

1  A.C.  Vottaqe 

Recommended 
Field  Test 

A.C.  Vollape  (75%) 

Recommended 
Periodic  Test 
A.C  Voltaoe  165%) 

1.2 

KV  &  Deiow 

i  4 

KV 

3.0 

KV 

1 

KV 

2  4 

KV 

I  10 

KV 

7.5 

KV 

6.5 

KV 

4  16 

KV 

12 

KV 

9.0 

KV 

7,8 

KV 

4.8 

KV 

12 

KV 

9.0 

KV 

7.8 

KV 

6  9 

KV 

19 

KV 

14.25 

KV 

12  35 

KV 

7,2 

KV 

19 

KV 

14.25 

KV 

12.35 

KV 

8.32 

KV 

19 

KV 

14.25 

KV 

12.35 

KV 

12.0 

KV 

31 

KV 

!  23.25 

KV  i 

20.15 

KV 

12  47 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

12.2 

KV 

31 

KV 

23.25 

KV 

20.15 

KV 

13.8 

KV 

31 

KV  ! 

23.25 

KV 

20.15 

KV 

Under  some  conditions,  transformers  may  be  subjected  to  a  periodic  insulation  test  using  direct  voltage  from  kenotron 
sets  In  such  cases,  the  test  direct  voltage  should  not  exceed  the  original  factor)  test  rms  alternating  voltage;  e.g.,  if  the 
factory  test  was  31  kilovolts  root  mean  square  (kV  rmsj,  then  the  routine  test  direct  voltage  should  not  exceed  31k’- 

;  TEST  PROCEDURE  3.  STORAGE 

a  Transformer  must  successfully  pass  the  Insulation  Ventilated  dry -type  transformers  preferably  should  be 

Resistance  test  immediately  prior  to  starting  dielectric  stored  in  a  warm  dry  location  with  uniform  temperature. 

■'Sts  N'eniilating  openings  should  be  covered  to  keep  out  dust. 

If  it  IS  necessary  to  leave  a  transformer  outdoors  it  should 
t  Recheck  items  c,  d  and  e  of  insulation  resistance  test  be  thoroughly  protected  to  prevent  moisture  and  foreign 

to  make  sure  transformer  remains  completely  isolated  material  from  entering.  Condensation  and  the  absorption 

and  jumpers  arc  still  connected.  of  moisture  can  be  prevented  or  greatly  reduced  by  the 

immediate  installation  of  space  heaters  or  other  small 
c  Jumper  low  voltage  windings  to  ground.  electric  heaters.  If  more  convenient,  incandescent  lamps 

may  be  substituted  for  the  space  heaters.  For  transformer 
d  Connect  higii  potential  test  between  high  voltage  ratings  750  K\  A  tltree  phase  and  below  ,  use  six  1 50  w  att 

winding  and  ground  Gradually  increase  test  voltage  to  lamps,  above  750  KVA  three  phase,  use  six  300  watt 

desired  value.  ,Mlow  test  voltage  duration  of  one  minute  lamps  or  equivalent  Two  lamps  should  be  located  under 

after  which  gradually  decrease  voltage  to  zero.  each,  coil,  one  on  each  side  of  the  core.  Lamps  or  heaters 

should  be  kept  4  ■  6  inches  from  transformer  coils  and 
e  Rfino'e  low  voltage  to  ground  jumper  and  connect  should  never  be  allowed  to  come  in  contact  with  trans- 

higli  poientiai  test  between  low  voltage  w  inding  and  former  coil  insulation. 

C'l'und  Repeat  lest  using  proper  test  voltage  for  low- 
voltage  winding  raiec  voltage. 

4.  maintenance 

f  It  tests  lit  Items  d  and  e  do  not  produce  failure  or 

hreakuowns.  transiormc;  is  considered  satisfactory  and  A.  Periodic  Inspection  and  Maintenance 
ready  to  be  energized 

Like  other  electric  equipment,  these  transformers  reouire 
g.  Rcnu've  all  umpers  and  reconnect  primary  rnd  maintenance  from  time  to  time  to  assure  succf 'ful  ot 

sec.'uda'v  connections,  ligjnmng  arresters,  control  cir-  tion.  Inspection  should  be  made  at  regular  .  .’rvals  -.iJ 

culls,  etc  .  that  may  have  been  disconnected  for  test.  corrective  measures  t..- en  when  necessary  to  assure  the 

Energize  transformer  immediately  .  most  satisfactory  service  from  this  equipment. 
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Tiir  frcguciir\  ai  which  these  Uansfornicrs  sliould  be  iii- 
S|iccicd  depends  on  operaiinp  condiiums  For  clean  dry 
locations  an  inspection  annualh  .  or  alter  a  longer  period, 
mat  be  sofficient.  liowevc:.  for  otiier  locations,  such,  as 
nia\  be  encountered  where  tiie  air  is  contaminated  ssiih 
dust  or  ciicnncal  fumes,  an  inspection  at  three  or  si\ 
month  intervals  ina\  be  reoiniec  L'suaily  after  the  first 
few  inspection  pcrnids  a  detimtc  schctlulc  can  be  set  up 
based  on  the  existinc  conditions 

With  tne  transformer  de-enerctzec.  front  and  rear  access 
panels  should  be  removed  Inspections  should  he  made  for 
dirt,  cspccialiv  accumulations  on  insulating  surfaces  or 
for  tiiose  which  tend  tc  restrict  air  flow,  lot  loose  con¬ 
nections.  for  the  condition  of  tap  changers  or  terminal 
boards  and  for  the  general  condition  of  the  transformer. 
Observation  should  be  made  for  signs  of  overheating  and 
of  voltage  creepage  over  insulating  surfaces  as  evidenced 
b>  tracking  or  carbonization. 

tvidence  of  rusting,  corrosion  and  deterioration  of  the 
Ii.iiiii  should  be  checked,  and  corrective  measures  taken 
where  necessarv . 

Fans,  motors  and  other  auxiliary  devices  should  be  in¬ 
spected  and  serviced  during  these  inspection  periods. 

D.  Cleaning 

If  excessive  accumulations  of  dirt  are  found  on  the  trans¬ 
former  windings  or  insulators  when  the  transformer  is  in- 
spccicd.  the  din  should  be  rcnu'ved  to  permit  free  ciicuiu- 
iion  of  31’  and  to  guard  against  the  possibihtv  of  insula¬ 
tion  breakdowns  Particular  attention  should  be  given  to 
cleaning  top  and  bottom  ends  of  winding  asscmolies.  and 
to  cleaning  out  ventdating  ducts 

The  windings  niav  be  cleaned  with  a  vacuum  cleaner,  a 
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o'.'".  Tiic  use  if  liquid  cleaners  is  un- 

dcsr.ibir  because  some  o''  them  liave  a  solvent  or  deterioi- 
ating  eficci  on  most  insuiatir.g  mjienals 

C  Ir-v  inc  Assemuiv 

Whe.  n  IS  ncccssa'v  to  d’v  out  a  transformer  before  in- 


siallaiion  or  after  an  extended  shutdown  under  relatively 
liigji  humiditv  conditions,  one  of  the  following  methods 
mav  be  used: 

1 1  Lxternal  heat 

2 1  Internal  lieai 

.')  Lxicrnal  and  internal  heat 

liefore  applying  any  of  these  methods,  free  moisture 
should  be  blowrr  or  wiped  off  of  tire  windings  to  reduce 
the  lime  of  the  drv  mg  period. 

I)  Drying  bv  Uxicrnal  Heat  -  l.xlernal  heat  mav  be  ap¬ 
plied  to  the  iransfonnci  bv  one  of  Die  follow  ing  methods 

a.  13y  directing  healed  an  into  the  bottom  air  inlets 
of  llie  transformer  case. 

t  By  placing  the  core  and  coil  assemblv  in  a  non- 
nammable  box  with  openings  at  the  top  and  bottom 
through  which  lieaied  an  can  be  circulated 

c.  By  placing  the  core  and  coil  assemblv  in  a  suit- 
abl.v  ventilated  oven. 

d.  By  placing  incandescent  lamps  in  transformer  en¬ 
closure.  See  storage  section  for  details. 

It  IS  important  that  most  of  the  heated  an  be  biown. 
thtougli  the  winding  ducts  and  not  around  the  sides  Good 
vcntiiaiion  is  essential  in  oiticr  that  coiidensaiion  will  not 
take  place  in  the  transform,.!  iisell  or  nisiilc  the  case.  A 
sufilciciti  (luamny  of  an  '101110  be  used  to  assure  approxi- 
matelv  equal  inici  and  outlet  temperatures 

Wneii  using  cither  of  the  first  two  external  heating  meth¬ 
ods.  heat  may  be  obtained  bv  the  use  of  resistance  grids  or 
space  heaters.  Tliese  mav  eithei  be  located  inside  the  case 
or  box  or  mav  be  placed  outside  and  Die  heat  blown  into 
the  bottom  of  the  case  or  box.  The  core  and  coil  assemblv 
should  be  carefully  protected  against  direct  radiation  from 
the  healers. 

I;  IS  recommended  that  the  air  temperature  should  not  ex¬ 
ceed  1  10  °C. 

D.-ving  b>  Internal  Heat  -  Tins  method  requires  volt- 
ace!  and  currents  wind;  mav  be  difficult  to  obtain  in  me 
field  and  therefore  is  not  used  as  frequently  as  externa! 

Tiic  transformer  should  be  located  to  allow  free  circula¬ 
tion  of  an  through  the  coils  from  the  bottom  to  the  top 
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of  the  case.  One  winding  should  be  short-circuited,  and 
sufficient  voltage  at  normal  frequenci  should  be  applied 
to  the  other  winding  to  circulate  approximately  nornial 
current. 

It  15  recommended  that  the  winding  temperature  not  be 
allowed  to  exceed  lOCTC.as  measured  by  resistance  or  by 
thcnnomciers  placed  in  the  ducts  between  the  windincs 
Tiic  tiiermometcrs  used  should  be  of  the  spirri  ri  pe  be¬ 
cause  mercurv  tnerinoineters  pve  erroneous  readings  due 
to  the  generation  of  heat  in  the  mcrcurs  as  a  result  of 
induced  edcl\  currents  Tne  end  terniinais  of  the  windings 
land  not  the  taps)  must  be  used  in  order  to  circulate  cur¬ 
rent  li.roucli  the  entire  winding  Proper  precaution  should 
Pc  taKcr.  to  protect  the  operator  from  dangerous  voltages 

cl  Drving  b\  E.xternal  and  liiicrnal  Heat  —  This  is  a  com- 
binainn;  of  the  two  metnods  previous!)  described,  and  is 
b)  far  tne  quickest  method  The  transformer  core  and  coil 
asscmbl)  should  be  placed  in  a  nonflammable  box,  or 
kept  in  us  own  case  if  suitable,  and  external  heat  applied 
as  Described  in  the  first  method,  and  current  circulated 
througi;  the  windings  as  descriped  in  the  second  method. 
Tne  current  required  will  be  considerabl)  less  than  when 
no  external  healing  is  used  but  should  be  sufficient  to  pro¬ 
duce  the  desired  temperature  of  tiie  windings.  It  is  recom¬ 
mended  liiat  the  temperatures  attained  not  exceed  those 
stated  in  the  foregoing 

D  Use  of  Insulation  Resistance  for  Determining  Drying 
Time 

Dr\ mg  lime  depends  on  tlic  condition  of  the  transformer, 
sice,  voltage,  amount  of  moisture  aosorbed.  and  the  meth¬ 
od  of  dry  ing  used 

Tne  measurement  of  insulation  resistance  is  of  value  in 
determining  the  status  of  dry  ing.  Measurements  should  be 
taken  before  starting  the  d'ving  process  and  at  two-hour 
inie-vais  during  drymg,  Tne  iniiial  value,  if  taken  at  otdin- 
arv  lemperatii'es.  mav  be  high  even  thougli  the  insulation 
inuv  not  PC  diy  Because  insulation  resistance  varies  in¬ 
verse!)  with  temperature,  tne  transformer  temperature 
should  be  kept  approximate!)  constant  curing  the  dry  uig 
period  to  obiam  comparative  readings.  As  the  iranslcrnicr 
IS  heated,  the  presence  of  moisture  will  be  evident  by  the 
rapid  drop  in  resistance  measurement.  Following  this  per¬ 
iod  the  insulation  resistance  wil!  general!)  increase  gradu- 
all)  until  near  the  end  of  t!ic  dr)  iiig  period  when  it  will 
increase  more  rapidl)  Sometimes  it  will  rise  and  fall 
tlirougji  a  short  range  before  steadying  because  moisture 


in  the  interior  of  the  insulation  is  w  orking  out  through  the 
iniliall)  dried  portions.  A  curve  w  ith  time  as  abscissa  and 
resistance  as  ordinate  should  be  plotted  and  he  run 
should  be  continued  until  the  resistance  levels  o.  and  re¬ 
mains  relativcl)  constant  for  tlirec  to  four  liours. 

Insulation  resistance  nieasurenicnis  should  be  taken  for 
cacli  winding  to  proinid  with  all  windings  grouiulcd  except 
the  one  being  tested.  Before  taking  insulation  resistance 
measurements  the  curienl  should  be  interrupted  and  llie 
winding  sliould  be  short-circuited  and  grounded  for  at 
least  one  minute  to  dram  off  atn  static  ci-.arpe.  Ail  read¬ 
ings  should  be  for  the  same  time  of  application  of  the  test 
voltage,  preferabl)  one  minute. 

E.  Cautions 

Constant  atlenda  ce  during  llie  drying  process  is  desirable. 

It  is  advisable  to  iiave  a  suitable  fire  extinguisher  conven¬ 
ient  for  use  m  the  event  of  an  emergency. 

5.  OPERATION 

A.  Removal  of  Covers  over  Openings 

Covers  o^er  openin^i  in  the  transformer  case  must  not  be 
removed  wliiie  the  transformer  is  enerpeed. 

B.  Effect  of  Humidity 

As  long  as  the  transformer  is  energized  huinidit)'  condi¬ 
tions  arc  rclaiivci)  unimportant.  In  tiic  even'  liiat  a  dr) 
type  transformer  is  dc-cneigized  and  aliewed  to  cool  to 
ambient  temperature,  consideration  must  be  given  to  the 
possible  effects  of  hunndit) . 

If  the  shutdown  period  occurs  during  low  humidity  con¬ 
ditions  no  sevccial  precautions  should  be  required  before 
enerpzjng  tiie  unit. 

Experience  indicates  that  if  a  shutdown  exceeding  24 
hours  occurs  during  a  period  of  liiglt  humidity,  rariicular- 
iy  if  atmospheric  conditions  are  such  as  tc  cause  conden¬ 
sation  within  tlic  housing,  then  precautions  should  be 
taken.  Small  strip  heaters  iiia)  be  placed  in  the  bottom  of 
the  unit  shoril)  after  shutdown  to  maintain  the  teirocra- 
ture  of  the  unit  a  few  decrees  above  thai  of  the  outside 
air.  If  such  precaution  has  not  been  taken  then  the  unit 
should  be  inspected  for  evidence  of  moisture,  and  insula¬ 
tion  resistance  should  be  ciiecked  If  there  is  evidence  of 
moisture  or  if  the  insuiaiioii  resistance  is  low.  tiie  trans- 
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furiDC:  siioulJ  be  dried  oin  b>  une  of  tiic  inelhods  de¬ 
scribed 

C  Tjp  Ciijnci'if 

Alic'  i:is:uiic'.ior. .  the  ouii’”,i:  voiiJtc  iP  tiic  iransriTtne: 
should  DC  chc^Kcd  a;  somr  sale  access  porn;  on  llic  ioud 
Never  alieinp:  lo  cIicck  liie  oinniH  volume  a’,  liie  oaiis- 
former  since  daiiperous  hic.i  voi'aec  n',j\  iv*  p'csen’.  w  ith- 
ir:  Ir'f  iraiisiAirincr  enclosure. 

Wiieii  liie  iiuiou’.  or  load  side  sol'.aee  reuuires  adius'.nicnl 
ciihcr  up  O'  U'ni.r.  iiir  pcrwenlapr  lar  iiiinpers  louiu!  on 
liie  Iron;  S'urface  o',  ihe  cuiis  iiius;  DC  chanced  in  al:  phases 
(Sec  'phoio  Oh  from  cover  of  lliis  biillelin  for  tap  ai’Pca'- 
ance  I  Cuiisul;  the  trarisfoniic:  ducranial ic  nanierlalc  Kn 
iiilotiiia'ooii  Oh  wlia!  tar  mus!  be  used  lo  correct  lor  Inch 
or  low  incohiiiip  line  vplrape  or  for  voltacc  drop  in  the 
uu;pu!  or  load  voltape  due  to  lonp  winnc  runs  Note  tliai 
w  lien  the  loac  ' ol tape  is  low  .  lap  coiiiie. lions  below  1 00" 
of  line  vol'.acc  nus;  be  used  to  raise  the  load  voltape  If 
ihe  ik'ad  vol'.aee  is  liipj,  tap  conne^iioris  above  IOC"  of 
line  voltape  must  be  used  to  lovver  the  load  voltape 

After  the  correct  tar  connection  has  been  deiemuned 
'•■c.  ■  hjinepiate.  this  procedure  slioulu  be  followed  to 
chanpe  taps 

!  Dc-ene'p;7e  transformer  Make  sure  ilicic  is  no  back 
Iced  from  a  low  vor.ape  tie  b'caKCi 

2  Keniov  c  fior; ;  access  panels  from  l  rcns'in  me  eiulostiic 


a.  Clianpe  tap  lunipci  on  each  phase  H'  the  ciurccl  lap 
coniicctK'i.  lap  ninincr  nuisl  be  on  the  same  tap  posi- 
tioii  on  al:  phases 

d  Tar  luinpc:  must  be  installed  on  upper  side  of  col!  lap 
Willi  hips  Oh  ends  of  cable  tap  luinpcrs  positioned  lor 
iiiaMnuini  ciccirical  clearance  from  proiind  and  olhei 
live  parts  be  sute  bolls  arc  tipiiicncc 

5  Krpiacc  front  access  panels 

6  Ifncrci/c  Iraiisforiiicr  and  rcclicck  ihe  out  pin  voilape. 
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BOLT  TIGHTNESS  FOR  BUS  CONNECTIONS 
FOR  hardware  shipped  with  TRANSFORMER 


Bo't  Materia' 

Torque  in  Foot  Founds 
for  Bof:  Diameter 

.25  20  '  .31-16  1  .35  16  ; 

50-13 

Grade  1  &  2 

Heat  T reated  Steel 

! 

4  6  '  6  1^  15  ?0  ' 

25  30 

12 
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■  Tlif  Sc  lart- 1)  MikIcI  85A  “LlFE-(i.\KI)' "  Fan  C-  lU-o!  System  is 

siaitM)i-Lne-art  instrurneniauon  that  protects  the  transformer  and  adds  up  to 

This  system  provides  precision  control  throuph  the  ust'  of  three  hiph 
accuracy  themustor  type  temperature  sensors,  one  installed  in  an  air  duct 

Internal  coil  temperatures  are  transmitted  b\-  these  sensors  to  a 
ij^SjlKSy  microprocessor  which  is  proprammed  to  provide  a  dipilal  display  of 

temtx'rature  in  degrees  Celsius  and  the  corresponding  coil  number. 

Tile  dipilal  LEI)  display  ranpe  is  from  24'C  to  25.i'C  in  TC  increments. 
Characters  are  O..Tf> '  high  and  clearly  legible  under  all  lighting  conditions. 

The  Model  85.A  provides  a  choice  of  either. 

A  Continuous  scanning  of  the  three  sensors  with  a  three 
second  display  penod  for  each  coil  temperature  and 
corresponding  coil  number. 

.  B.  Digital  display  of  the  temperature  and  number  of  the 

‘  honest  coil  onlv. 

?  For  each  display  mode,  two  additional  options  are  available: 

^  Continuous  temperature  display. 

2.  Display  only  when  the  “Read  'Reset"  or  the  “Read 
Memoiy  Max”  switch  panels  are  pressed. 

For  all  displav'  modes,  the  highest  temperamre  reached  by  any  coil  in  any 
previous  interval  will  be  displayed  for  three  seconds  when  the  “Read 
Memorv-  .Max"  switch  panel  is  pressed.  This  temperature  will  be  cancelled 
and  re;  iaced  b\-  the  immediate  maximum  temperature  when  both  “Read/ 
Reset"  and  "Read  .Memon.-  .Max"  switch  panels  are  pressed  simultaneously. 
Thereafter,  any  succeeding  higher  temperaoire  will  be  retained  in  inemorv’ 
tSS  for  later  recall. 

Contro'  Mode  Light  Panels 

Three  LLi  >  panels  are  provided  to  indicate  control  mode  conditions.  \\’hen 
the  green  panel  is  Lghted.  it  indicates  that  the  control  module  is  energized. 
Siniilarh'.  the  lighted  yellow  panel  indicates  that  the  tan  circuit  is  energized. 
.A  lightt^  red  panel  indicates  that  one  or  more  coils  are  above  normal 
temperature  and  the  alarm  horn  will  sound. 

iBoi  ui  ^jiium  -.  h  a  temperature  of  220‘C*’  is  detected  by  one  of  the  sensors,  the  control 

will  imitate  the  emergency  shutdown  mode.  Permanent  insuiabon  damage 
1^  will  (K'cur  above  this  maximum  insuiabon  system  temperature.  .At  this 

—  ,3.  __  _  point,  the  Red  LED  panel  Cashes  and  three  dashes 

Reference:  -ANSI  Standard  C5/  .  I2.51  _  replace  the  temperature  numbers. 
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•Actual  shutdown  or  other  funcbon  can  be 
accompbshed  by  means  of  an  opbonal.  accessorv- 
relay. 

Fan  Mode  Control  and  Indicators 

Selecbon  of  two  mf>des  of  tan  operabon  is  provided 
by  the  “Fan  Mode"  switch  panel.  WTen  this 
switch  panel  is  depressed,  the  tan  mode  ma\'  be 
changed  from  manual  to  auto  or  vice  versa.  In  the 
auto  mode,  the  Ians  are  turned  on  and  oC 
automabcaliv  at  specilied  programmed  temperature 
set  points.  In  the  manual  mode,  the  fans  operate 
conunuouslv.  totally  inOependent  of  ali  temperatu-e 
set  points,  lire  selected  fan  mode  is  indicated  b> 


- '  one  of  the  LEDs  in  the  "Fan  Mode"  switch  panel. 

High  Temperature  Alarm 

If  the  operating  temperature  of  the  transformer  coils  increases  to  the 
programmed  ■'alarm"  set  poi.'tt,  the  reti  LED  indicator  and  the  alarm  hom 
are  acbvated.  thus  warning  that  the  maximum  designed  temperature  rise' 

C  Inr  R«*sif  Transiorrwr* 
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THE  INFORMATION  HEREIN  IS  BELIEVED  TO  BE 
accurate  and  RELIABLE.  HOWEVER.  NATIONAL 
INDUSTRI  ASSUMES  NO  RESPONSIBILITY  FOR  ITS 
USE  OR  MISUSE  AND  CAUTIONS  THE  READER  TO 
EXERCISE  CAUTION  IN  THE  INSTALLATION  AND 
MAINTENANCE  OF  THE  PRODUCTS  DESCRIBED 
HEREIN.” 

General 

This  manua-  adCresses  ge'^era!  considerations  lor  the 
operation  and  maintenance  ot  dry-type  distripution 
and  power  transformers 

The  successful  operation  of  these  transformers  is 
dependent  on  proper  installation,  loading  and  mainte¬ 
nance  as  well  as  proper  design  and  manufacture  Dry 
type  transformers  require  little  maintenance  as 
compared  to  otne'  types  o'  transformers,  but  appropri¬ 
ate  attention  will  ensure  their  expected  service  life 
Conditions  of  operation  will  determine  the  extent  of 
maintenance  required  A  periodic  inspection  program 
should  be  established  to  monitor  the  effects  of  the 
operating  conditions  on  the  transformers. 

In  addition  to  this  guide,  the  manufacturer  should  be 
consulted  for  recommeoations  on  special  conditions. 

Portions  o'  the  following  information  are  re-pnnted 
from  ANSI  Appendix  C57  94  Guide  for  Installation  and 
Maintenance  o'  Dry-Type  Transformers 


Warning:  Le.'ha'  Voltages  wit  Pe  present  msiOe  all 
transforme'  enclosures  ana  at  all  connection  pomfs. 
Installation  ana  maintenance  snoula  be  performed 
only  bv  personnel  Qualified  ana  experienced  in  rugh 
voltage  eouipment  De-ene'gize  the  transformer  before 
performing  an\  maintenance  or  service  work 


Receiving 

Inspection 

vVnen  received  '"'ew  :'-a~s'0'me's  should  oe  inspected 
fo’’  dar^iage  dj-mc  snipmen: 

Exarmna’ic'  sncoid  be  mace  oe'o'e  removmo  them 
from  ca's  O'  t'^cks  anc  i‘  ar^v  in;u'>  IS  evident  or  any 
in'jicat'On  o‘  '■cjg’-  hanplmg  iS  v.S.ple  a  Claim  shOuid 
be  fned  witn  tne  carne-  a;  once  a^.q  the  manufacturer 
noti'ed  Subsequently  covers  or  paneis  should  be 
removed  anq  a"  inte'nai  inspection  m.ace  for  damage 
or  dispiacemen'  o'  parts  loose  c  broken  connections 
Qirt  or  lo'eign  material,  and  'O'  the  presence  of  water 
Or  moisture  I'  the  transformer  IS  moved  or  if  it  is 
stored  befo'e  'nsranation  this  inspection  should  be 
repeated  before  placing  the  transforme' m  service. 


Handling 

National  Indusiri  transformers  are  designed  with 
provisions  for  lifting,  lacKiog  or  rolling  These 
provisions  will  vary  in  detail,  depending  upon  the 
weight.  Size  ano  mechanical  configuration  of  the  unit 

Enclosed  transformers  with  lifting  lugs  on  the 
enclosure  may  be  lifted  with  appropriate  slmgs  or 
chains  Larger  units  will  have  provisions  for  lifting 
from  the  base  frame  or  from  the  top  core  clamps 
Units  lifted  from  the  fop  core  clamps  will  usually 
require  that  the  top  cover  or  part  of  the  cover  be 
removed 


Caution:  Dry  type  transformers  should  be  maintained 
in  an  upright  position  when  being  moved.  No  attempt 
to  hanaie  a  transformer  m  any  other  position  should 
Oe  made  without  first  contacting  the  manufacturer. 


Because  of  their  high  center  of  gravity,  dry  type 
transformers  are  subiect  to  tipping  over  during 
handling  Reasonable  care  during  handling  will 
prevent  equipment  damage  and'or  personnel  injury 

When  provisions  are  Supplied  for  lifting  larger  units 
from  the  base  frame,  lifting  slings,  chains,  or  cables 
shouic  be  used  with  spreaders  to  avoid  damage  to  the 
enclosure  The  core  and  coil  must  also  be  bolted  to 
the  base  frame  and  anti-sway  bracing  provided 

Core  and  co'i  units  should  be  lifted  using  only  the 
lifting  devices  provided  on  the  core  clamps  Care 
should  be  taken  to  prevent  damage  to  bus  work, 
wiring  and  termination  assemblies  during  lifting  When 
lifting,  increase  tension  gradually,  do  not  jerk,  jar,  or 
otherwise  move  the  transformer  abruptly. 

If  the  transformer  cannot  be  lifted  by  a  crane,  it  can  be 
Skidded  or  movec  on  roHe'S  Care  should  be  taken  not 
to  damage  the  base  or  tip  it  over  When  rollers  are 
used  skids  should  be  used  tc  distribute  the  stress  over 
the  base 

Large  enclosed  units  with  base  frame  type  enclo¬ 
sures.  may  be  jacked  usmg  the  base  frame  angies  The 
transformers  should  be  jacked  evenly  on  all  four 
corners  to  prevent  warping  or  tipping  over 

Care  must  always  be  taken  to  prevent  any  foreign 
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Installation 

Handling  (Continued) 

material  from  falling  into  or  onto  the  coils  Hardware, 
connecting  parts,  tools,  or  any  foreign  material  should 
not  be  allowed  on  top  o*  the  core  and  coil  assembly. 
Foreign  material  lodged  m  a  coil  duct  can  cause 
eiectrical  failure  or  overheating 

NOTE;  All  lifting  devices  and  shipping  braces  painted  red 
must  be  removed  before  energizing  the  transformer 

Installation 

Location 

Major  factors  to  be  considered  when  locating  dry  type 
transformers  are  personnel  safety,  accessibility, 
ventilation,  atmospheric  conditions,  and  sound  level 

When  planning  the  installation,  a  location  should  be 
selected  that  will  comply  with  all  safety  codes  and  will 
not  interfere  with  the  normal  movement  of  personnel, 
equipment,  and  material  The  location  should  not 
expose  the  transformers  to  possible  damage  from 
cranes,  trucks,  or  moving  equipment  It  should  be 
remembered  that  a  dent  in  the  enclosure  may  reduce 
the  insulation  clearances  to  an  unsafe  levei 

As  an  added  safety  precaution,  thought  should  be 
given  to  the  possibility  of  personnel  inserting  rods, 
wire.  etc.  through  the  ventilation  openings  of  the 
enclosure  and  thus,  coming  into  contact  with  live 
parts.  Transformer  ventilation  openings  are  designed 
in  accordance  with  NEMA  standards  which  require 
that  a  'h"  diameter  red  cannot  be  inserted  through  the 
ventilation  openings 

The  installation  will  be  simplified  if  an  outline  drawing 
IS  requested  By  studying  the  overall,  m  itmg,  and 
terminal  dimensions,  it  is  possible  to  p  .ne 
installation  wilh  an  orqeriy  arrangement  jf 
connections 

Core  and  coil  units  (without  case)  usually  have 
mounting  and  terminal  dimensions  to  suit  the  cus¬ 
tomer's  enclosure  That  enclosure  should  ?ive  pro¬ 
tection  to  the  coils  and  have  adequate  ciec-ances  and 
sufficient  ventilation  openings  The  manuiacturer 
Should  always  be  consulted  to  determine  these  re¬ 
quirements 

Ventilated  dry  type  transformers  can  be  designed  for 
installation  indoors  or  outdoo'^s.  Thev  will  operate 
successfully  where  the  humicity  is  high,  but  under  this 
conqition  it  ma>  be  necessary  to  take  precautions  to 
keep  them  dry  if  they  a^e  shut  down  for  extenoed 
periods  For  locations  where  severe  atmospheric 
conditions  prevail.  National  Inoustn's  Vacuum  Cast 
Coil  transformers  are  recommended 

Locations  where  there  is  dripping  water  should  be 
avoided.  If  this  is  not  possible,  suitable  protection 


should  be  provided  to  prevent  water  from  entering  the 
transformer  case  Precautions  should  b®  tKen  to 
guard  against  accidental  entrance  of  wa  such  as 
might  be  obtained  from  an  open  window,  by  a  break  in 
a  water  or  steam  line,  or  from  use  of  water  near  the 
transformers 

Caution:  Adeouate  ventilation  must  be  provided  for 
Dry  Type  Air-Cooled  Transformers. 

Adequate  ventilation  is  essential  for  the  proper  cool¬ 
ing  of  these  transformers  Clean  dry  air  is  desirable. 
Filtered  air  may  reduce  maintenance  if  the  location 
presents  a  particular  problem.  When  transformers  a'^e 
installed  in  vaults  or  other  restricted  spaces,  sufficient 
ventilation  should  be  provided  to  hold  the  a 
temperature  within  established  limits  when  -  -  asured 
near  the  transformer  inlets.  This  usually  will  require 
approximately  100  cubic  feet  of  air  per  minute  per 
kilowatt  of  transformer  loss.  The  area  of  ventilation 
openings  required  depends  on  the  height  of  the  vault, 
the  location  of  openings,  and  the  maximum  loads  to 
be  earned  by  the  transformers  '^or  self-cooled  trans¬ 
formers.  the  required  effective  areas  should  be  at  least 
one  square  foot  each  of  inlet  and  outlet  per  100  KVA 
of  rated  transformer  capacity,  after  deduction  of  the 
area  occupied  by  screen,  gratings,  or  louvers 

Ventilated  open  wound  dry  type  transformers  should 
be  installed  in  locations  free  from  unusual  dust  or 
chemical  fumes  Transformers  should  be  located  at 
least  12  inches  away  from  walls  and  other  obstructions 
that  might  prevent  free  circulation  of  air  through  and 
around  each  unit,  unless  the  unit  is  designed  for  wall 
mounting  and  installed  per  factory  recommendations. 
The  distance  between  adjacent  transformers  should  be 
not  less  than  this  value.  Also,  accessibility  for 
maintenance  should  be  taken  into  account  before 
locating  the  transformer  If  the  transformer  is  to  be 
located  near  combustible  materials,  the  minimum 
separations  established  by  the  National  Electrical 
Code  should  be  maintained 

The  transformer  case  designed  to  prevent  the 
entrance  of  most  sme  ;nimals  and  foreign  objects. 
Howeve'  "  some  locations,  it  may  be  necessary  to 
give  cone  .eration  to  aaditonal  protection. 


Sound  Level 

Soecial  consideration  should  be  given  to  the  installa¬ 
tion  o'  any  transformer  if  noise  is  a  factor  m  its  loca¬ 
tion  and  operation  Many  locations  can  result  m  an 
amplification  of  the  sound  level.  For  example,  if  the 
transformer  is  installed  m  a  quiet  hallway,  a  definite 
hum  will  be  noticed  If  the  unit  is  installed  in  a  location 
It  shares  with  other  equipment  such  as  motors,  pumps 
or  compressors,  the  transformer  hum  will  probably  go 
unnoticed 
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Sound  Level  (ContinueCi 

Tne  transformer  is  designee  to  produce  a  minimum 
sounc  levei  wnen  trie  foilowinp  directions  are  followed 
A  Connections  to  p’’'rr.a'y  and  secondary  terminals 
maae  witn  flexible  connectors 

B  AM  transit  bo'ts  and  shipping  braces  removed  so  unit 
will  float  on  rubber  isolation  pacs.  these  bolts  and 
parts  are  painted  red  for  easy  identification 
C  AM  enclosure  hardware  tightened  so  panels  do  not 
vibrate 

Inspection 

Once  the  transformer  has  been  located  at  its 
permanent  site,  a  thorough  final  inspection  should  be 
made  before  any  necessary  assembly  is  accomplished 
and  the  unit  is  energized 

Careful  examination  should  be  made  to  ensure  that  all 
external  electrical  connections  have  been  made 
properly  and  that  the  correct  ratio  exists  between  low 
voltage  and  high  voltage  windings  To  test  this,  apply 
a  low  voltage  (240V  or  480V)  to  'he  high  voltage 
winding  and  measure  the  output  at  the  low  voltage 
winding 

All  control  circuits,  if  any.  should  be  checked  for 
operational  ability  Furthermore,  they  should  be  able 
to  withstand  a  1200  volt  applied  insulation  test  for  one 
minute  (if  the  transformer  has  current  transformer 
circuits,  they  should  be  shorted). 

The  operation  of  fans,  motors,  thermal  relays,  and 
other  auxiliary  devices  should  be  checked  Fan 
rotation  should  be  visually  verified  as  well  as  by 
checking  any  indicator  lights  (Reference  Fan  Control 
Operation  I 

As  prescriOed  by  NEMA  s:anaards.  trans- 
ic"'ners  are  s''ipped  w.'tn  doth  high  and  low 
voiiage  windings  connected  lor  tneir  hignest 
raiec  voltage  lexcep'  iranstormers  which 
have  taps  above  the  rated  voltage  m  which 
case  they  wiH  be  shipped  connected  for 
■a'ec  voltages  I  The  internal  connections 
shcotd  be  checked  with  me  diagram  on  the 
^ameoia’e  tc  make  sure  tr.at  tne  con- 
nec'ons  a'e  correct  The  tap  setting  shouic 
a'sc  oe  verified  lor  me  proper  voltage,  anc 
ma-  me  se't  ng  is  t'lC  seme  tc'  all  CC''S 

A'  wmc.ngs  shou'd  be  CheCxed  for  contiriu'ty  It  IS 
'rcomn^enoec  triS'  a  megge'  test  be  perlormed  to 
nrake  certain  that  no  windmgs  are  grounded  wnicn  are 
not  nte-oed  to  be  grouncec 

See  '  Testing''  for  additional  tests  Shipping  braces 
snould  be  removed  if  oresent  Am  cabie  connectior-s 


should  be  checxed  fc'  proper  use  of  hardware  n  e 
Belleville  wasners  on  aiummum  terminals,  proper 
clearances  and  proper  torque) 

Check  again  to  insure  that  all  low  voltage  and  high 
voltage  connections  correspond  to  the  connection 
diagram 

Grounding 

The  case  and  core  and  coil  assembly  of  these  trans¬ 
formers  should  be  permanently  and  adequately 
grounded 

Grounding  is  necessary  to  remove  static  charges  that 
accumulate  It  is  also  needed  as  a  protection  should  tne 
transformer  windings  accidently  come  m  contact  with  the 
core  or  enclosure  Be  sure  that  the  flexible  grounding 
jumper  between  the  core  and  coil  assembly  and  case  is 
intact,  or  that  the  core  and  coil  assembly  is  directly 
grounded  from  the  core  clamp  through  a  flexible  lead. 
Insure  that  grounding  or  bonding  meets  N  E.C  and  local 
codes 

To  insure  a  solid  core  ground,  transformers  have  a 
copper  strap  embedded  in  the  core  laminations  and 
securely  connected  to  the  core  damp. 

Connections 

Make  only  those  connections  specified  by  the  name¬ 
plate  or  connection  diagram,  check  all  tap  jumpers  for 
proper  location  and  tightness,  and  re-tighten  all 
aluminum  cable  retaining  screws  after  the  first  30  days 
of  service 

This  transformer  has  been  designed  and  built  to 
provide  proper  electrica'  connections  using  either 
copper  or  aluminum  connecting  cable  A  protective 
p'ating  or  compound  which  prevents  surface  oxida¬ 
tion  of  the  terminals  was  applied  at  the  factory  This 
coating  should  not  be  removed  from  tap  or  line  term- 
ina's  If  in  the  case  o'  protective  compounds  it 
becomes  necessa-y  to  re-appiy  it,  dean  all  contact 
surfaces  of  oxide  and  re-coat  with  a  good  quality  com,- 
pound.  following  the  m.anufacturer  s  instructions 
Manv  Kinds  are  commercially  available  Some  of  them 
arp  Agrietrox  A,  Ainox-UG,  and  Thomas  &  Betts  1059 
vy'hen  re-coating  wipe  off  any  excessive  compound 

Depending  upon  KVA  rating,  this  transformei-  may 
have  flexible  leads  with  bolted  type  wire  tei’minais. 

Cu  Ai  lug  connectors  or  simply  termination  pads  for 
mounting  of  your  own  crimp  type  or  luc  type  termi¬ 
nations  The  tables  below  snow  typical  torque  values 
for  installing  bolted  wire  connectors  and  cables  m  lug 
type  connectors  Check  specific  recommendations  of 
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connector  or  lug  manufacturer. 


Bolted  Wire  Connector* 

Lug  Type  Connector* 

Torque 

Wire  Size 

Torque 

Boll  Size 

Inch  Pound* 

(Average) 

Inch  Pound* 

.  -  20 

70 

•14  to  »8 

70 

5  16-18 

120 

«6  tc  «4 

100 

-  16 

225 

•  3  to  »i 

120 

’■r  -  13 

480 

1  0  to  2  '0 

150 

3  0  to  200  MCM 

210 

250  to  400  MCM 

260 

500  to  750  MCM 

300 

Note:  Tighten,  wait  several  seconds,  then  re-tighten  all 
connecting  lugs  and  Dolts 


Where  cable  terminations  are  supolied  by  the  user,  it 
IS  recommended  that  commercially  available,  properly 
Sized.  UL  listed  screw  type  or  crimp  type  connectors 
be  used  These  terminations  should  be  attached  to  the 
cables  as  specified  by  the  termination  or  cable  manu¬ 
facturer  Terminations  are  readily  available  from 
wholesale  electrical  distributors 

Secure  each  terminal  lug  to  its  proper  termination  bus 
bar  Torque  all  bolts  as  shown  in  the  bolted  wire 
connector  chart  above  Do  not  install  washers  between 
the  terminal  lugs  and  the  termination  bus  bar  as  this 
will  cause  heating  and  arcing  m  that  area,  resulting  m 
connector  failure 

Teating 

Tests  may  be  made  before  placing  a  transformer  in 
service  to  determine  that  it  is  in  satisfactory  operating 
condition  and  to  obtain  oata  for  future  comparisons 
A  Insulation  resistance 

B  Dielectric  tests  in  the  field  in  accordance  with  ANSI 
CS:  I2.g1. 

The  insulation  resistance  test  aids  in  determining  the 
suitability  of  the  transformer  for  application  of  the 
high-ootentiai  test  and  yields  useful  data  for  future 
comparative  purposes  Insulation  resista'^ce  tests 
should  be  made  before  applying  the  high-potential 
test  Variable  factors  affecting  the  construction  and 
use  of  dry-type  transforme'-s  make  it  difficult  to  set 
limits  for  this  test  Experience  indicates  that  2 
megohms  (one  minute  reading  at  approximately  25=C) 
per  1,000  volts  Of  nameplate  voltage  rating,  but  in  no 


case  less  than  2  megohms  total  may  be  a  satisfactory 
value  of  insulation  resistance  tor  tne  application  of  the 
high-potential  test 

In  addition  to  the  insulation  resistance  and  high- 
potential  dielectric  tests,  tne  following  tests  may  be 
made  if  desired 

A  Ratio  tests  for  the  full  windings  and  all  tap  positions 
B  Resistance  measurements  of  windings 
C  Polarity  or  phase  relation 

It  IS  preferable  that  these  tests,  if  planned  be  made 
before  applying  the  dielectric  tests 

Operation 

Placing  in  Service 

A‘’er  following  the  preceding  instructions  the  trans¬ 
former  may  be  energized  It  is  recommended  that  the 
unit  first  be  energized  at  no  load  if  possible,  then  full 
load  may  be  applied 


Pr-'allel  Operation 

When  operating  transformers  in  parallel,  their  rated 
voltages,  impedances,  and  turn  ratios  ideally  should 
be  the  same  Their  phasor  relationships  must  O'*  iden¬ 
tical.  If  these  parameters  are  different,  circulating 
current  will  exist  in  the  circuit  loop  between  these 
units  The  difference  m  impedance  should  m  no  case 
exceed  iO®/o  The  greater  the  differences  in  these 
parameters  the  larger  the  magnitude  of  the  circulating 
current  When  specifying  a  transformer  to  be  operated 
in  parallel  with  existing  units,  all  of  these  parameters 
should  be  noted 


Loading 

The  maximum  continuous  load  a  transformer  may 
supply  IS  indicated  on  the  nameplate  However,  many 
specially  designed  units  have  specific  load  capabilities 
designed  into  them.  If  there  is  any  question 
concerning  the  load  capability  of  the  unit,  the  factory 
should  be  consulted.  Refer  to  ANSI  Standard  C57  96 
Guide  for  Loading  Dry-Type  Distribution  and  Power 
Transformers  for  general  guidelines 

Minimum  electrical  clearances  m  the  installation  of 
lugs  and  cables  must  be  per  NEC  All  electrical 
clearances  that  are  questionable  must  be  insulated 

Overload  protection  lor  primary  and  secondary  circuits 
IS  covered  by  the  National  Electrical  Code 
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Operation 

Shipping  Supports 

After  the  trans'cmer  has  beeh  placed  in  its  perrhanent 
location  the  noid-down  bolts  securing  the  core  and 
coii  assempiv  to  tne  base  or  case  must  be  removed 
Removing  these  bolts  releases  the  sounc  isolation 
paos  fo'  maximum  e'fectiveness  Aiso  remove  any 
shippmc  braces  and  lifting  devices  on  the  core  and 
coil  or  the  enclosure  for  easv  identification  ail  of 
these  rem.ovabie  pa-ts  wiH  be  pamted  a  different  color 
from  tne  remaining  assembly  parts  (usually  redi 

Should  it  ever  be  necessary  to  move  the  transformer, 
replace  the  hoio-down  poits  for  tne  moving  operation 

Maintenance 

Warning:  De>energize  transformer  before  any  inspection 
or  maintenance! 

Periodic  Inspection 

LiKe  other  electrical  eauipment  all  transformers 
require  maintenance  from  time  to  time  to  assure 
successful  operation  Inspection  snouid  be  made  at 
regular  intervals  and  corrective  measures  taken  when 
necessary  to  assure  tne  most  satisfactory  services 
from  this  equipment 

Operating  conditions  determine  tne  frequency  at 
which  these  transformers  Should  be  inspected  for 
Clean, dry  locations,  an  annua'  inspection  mav  be 
sufficient  However,  fo'  other  locations  such  as  may 
be  encountered  where  the  air  is  contaminated  witn 
dust  or  chemical  fumes,  more  frequent  inspections 
may  be  required  Usually  after  tne  first  few  inspection 
periods,  a  oefihite  schedule  can  be  established 

With  tne  trans'o'mer  de-energi;ed,  enclosure  panels 
snouic  be  removed  Inspection  snouid  be  made  for 
O'rt  esoeciaiK  accumulations  on  insulating  surfaces 
whe'e  such  accumuiarions  could  restrict  air  flow- 
inspection  snouic  also  oe  made  for  loose  connections 
^O’  the  conOitior-  of  terminal  boa''ds,  ana  tor  the 
ge^e^ai  cone  ton  o'  tne  transformer 

Obse'-vat'C's  snouic  be  mace  fo'  signs  of  overheating 
and  o'  vc'tage  creepage  ove'  msuiatmg  sui'aces  as 
evidenced  Ov  t-acKing  o'  ca'bon  zation 

Evidence  o'  rustmg  ccr-osion  u'  ■  deterioration  of  the 
pam;  Should  pe  loonec  fc  anc  ;  eciive  measures 
snouo  be  taxen  wne^e  -'ecessa-’v  Furthermore,  fans 
mctc'S  anc  -ome'  auxii  a'y  cev.ces  snouid  be 
mspeotec  anc  serviced  during  inspection  periods 

Jackscrew  Assembly  Adjustments 

Cnecx  fo'  loose  lacKSC'ew  asse’^bnes  by  attempt-ng  to 
move  the  coi'  b  OCX  ‘rem  side  tc  sioe  If  tney  move. 
tiG'-'e'-  lacKscrew  assemo!>  fo"owipg  t'-e  outlined 
P'ocedjre  iCautio-'  should  be  observed  when 


ha'^diing  nuts,  bolts  and  washers  to  prevent  o'cooing 
them  into  the  coils  ) 

A  Tighten  lower  jacking  nut  while  holding  jackmc  belt 
until  coil  block  can  no  longer  be  moved  bv  nano 
B  Tighten  lower  jacking  nut  an  aOditional  '  turn 
C  Apply  air  ory  varnish  to  nut  ana  bolt  assembly 
D  Repeat  as  requireo  on  other  jackscrew  assemblies 

Determining  Dryness 

The  measurement  of  insulation  resistance  is  of  value 
m  Determining  the  status  of  drying  Measurements 
should  be  taken  before  starting  the  drying  process  and 
at  two-nour  intervals  during  drying  Tne  initial  value,  if 
taken  at  ordinary  temperatures,  may  be  high  even 
though  tne  insulation  may  not  be  dry  Because 
insulation  resistance  vanes  inversely  with  temperature 
tne  transformer  temperature  should  be  kept 
approximately  constant  during  the  Oryme  period  to 
obtain  comparative  readings  As  the  transformer  is 
heated,  the  presence  of  moisture  will  be  evioent  by  the 
rapic  drop  in  resistance  measurement  Following  this 
period,  the  insulation  resistance  will  generally  increase 
graOuaily  until  near  the  end  of  the  crying  period  when 
It  will  increase  more  rapidly  Sometimes  it  will  rise  and 
fall  through  a  short  range  before  steadying  because 
moisture  in  tne  interior  of  tne  insulation  is  working  out 
through  tne  initially-oned  portions  A  curve,  with  time 
as  abscissa  arid  resistance  as  ordinate,  should  be 
plotted,  anc  the  run  should  oe  continued  unti' 
resistance  levels  ot'  and  remains  relatively  constant 
between  three  and  four  hours 

Caution;  Insulation  resistance  measwements  should 
be  taken  I'om  each  winding  to  ground,  with  sH 
wmamgs  grounded  excepf  the  one  bemg  tested 

Before  taking  insulation  resistance  measurements  the 
winding  should  be  short-circuited  and  grounded  fo'  at 
least  one  mmute  to  dram  oft  any  static  charge 

All  readings  should  be  for  the  same  time  o'  apphcatio'’ 
of  the  test  voltage,  p'eferabiy  one  mmute 

Methods  of  Drying 

General 

As  long  as  the  transformer  remains  energized 
humigity  conoitions  are  of  no  im.poriance  Howeve'  if 
a  cry-type  iransforme-  is  oe-energized  anc  aiiowec  to 
cool  fo  ambient  lernperaturc.consiOeraiion  mus'  oe 
given  to  tne  possible  effects  of  humidity 

I'  the  shutdown  period  occurs  during  low  numiditv 
conditions,  no  special  cecau'ions  snouic  be  reoui'ec 
before  energizing  the  uni;  But  experience  mcicates 
that  if  a  shutdown  exceeding  2^  hours  occu'-s  ounng 
a  period  o'  high  numicty.  parjicuiariy  i'  atmospheric 
conditions  are  suen  mat  they  cause  conoensation  ;c 
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appear  wiihm  the  housing  o'  tne  transformer,  then 
precautions  must  oe  taken  Small  s'np  heaters  ma^  be 
piacec  m  the  bottom  of  the  unit  snctiv  after  shut- 
powr  to  maintain  the  temperature  o'  the  transformer  a 
tew  aegrees  above  that  o'  me  outsioe  air  I'  such  a 
precaution  is  not  taKen  the  transformer  shoulc  be 
•hspeclea  for  evioence  of  moisture  ana  the  insulation 
resistance  should  be  checkec  It  moisture  is  present  or 
t  the  insulation  resistance  is  low.  the  transformer 
shouic  oe  driec  out  Oy  one  o'  me  methods  described 

Drying  of  Core  and  Coil  Assembly 

iVhen  :t  IS  necessarv  to  d'y  out  a  transformer  before 
nsta'iation  or  a'ter  an  extended  shutdown  unae' 
reiative'y  high  humidity  ccndit  ons  one  of  the  following 
methods  may  be  used 
A  External  heat 
B  internal  heat 
C  Externa!  and  Interna!  neat 

Before  applying  any  of  these  methods,  'ree  moisture 
Should  be  blown  O'  wiped  of'  of  the  windings  to 
'educe  the  time  of  the  crying  pe'iOd 

Drying  by  External  Heat 

External  heat  mav  re  appnec  to  tne  tra's'O'n^e'  ov 
one  o'  the  following  methods 

A  By  directing  heated  air  mtc  'ne  bottom  air  miets  of  me 
transformer  case 

E  By  piacmg  the  core  anc  coil  assembly  m  a  suitably 
ventilated  oven 

I'  IS  imoortant  that  most  o'  the  heated  air  passes 
tnrouch  me  winding  cucts  ar.c  not  around  tne  sides 

Good  ventilation  is  essential  to  pre\ent  condensation 
from  taking  place  witnm  tne  transformer  or  insice  the 
case  A  sufficient  quantity  of  air  should  be  used  to 
msurp  approximate'',  equal  m'et  anc  outlet 
temipe'atures 

'.Vhen  usmc  the  ti's'  external  neatmg  method  neat 
'"ay  Pe  Obtained  b,  me  use  c'  resistance  gncs  or 
sbace  heaters  These  mav  be  icca'ec  mside  tne  case 
C'  mav  be  biaced  outs'ce  ano  me  neat  ciowrr  mto  the 
bottom  of  the  case  T'le  core  and  coii  assembly  snou'd 
be  carefully  protectee  agai’  j  pct  radiation  from  the 
r-eate'S 

:■  IS  recommended  that  the  ar  temperature  not  exceed 
•10  C 


Drying  by  Internal  Heat 

Tnis  method  is  relatively  slow  and  should  be  used 
only  when  the  other  two  methods  are  unavailable 

The  transformer  should  be  located  to  allow  free  cir¬ 
culation  of  air  through  me  coiis  trom.  the  Dottom  to  the 
top  of  the  case  One  winding  should  oe  shori-cir- 
cuited.  and  sufficient  voltage  at  normal  frequency 
shouio  oe  applied  to  the  other  wmamg  to  circulate 
approxim.ately  normal  current 

It  IS  recommended  that  the  winding  temperature  not 
be  allowed  to  exceed  100  C.  as  measured  by  resis¬ 
tance.  or  by  thermometers  placed  m  the  ducts  be¬ 
tween  tne  windings  The  thermometers  used  should  be 
tne  spirit  type,  mercury  thermometers  give  erroneous 
readings  due  to  the  generation  of  neat  m  the  mercu'y 
resulting  from  inouceC  eody  currents  Tne  end 
terminals  of  the  windings  (and  nof  the  taps)  must  Pc 
used  in  order  to  circulate  current  through  the  entire 
wihoing  Proper  precautions  should  be  taken  to 
protect  the  operator  tiom  dangerous  voltage. 

Drying  by  External  and  Internal  Heat 

This  IS  a  combination  of  tne  two  methods  previcusi-.' 
described  and  is,  by  far,  tne  Quickest  method  ■'’ne 
transformer  core  an-C  coil  assenibiy  s'':Ouid  be  kept  mi  its 
own  case  When  suitapie,  anc  exte'nai  neat  applied  as 
desenoea  m  the  first  method)  as  current  is  circulated 
through  tne  w.ndings  las  oesc'ibt-d  m  tne  secc'ic 
method)  The  current  reaunec  wc  oe  considerably 
less  than  when  no  external  heating  is  used  but  shou  c 
be  sufficient  to  produce  the  desired  temperature  of  tne 
windings  It  is  recommended  tnat  tne  temperature 
attained  not  exceed  those  stated  m  the  foregoing 
paragraphs 

Removal  from  Service 

|t  a  unit  IS  to  be  off  more  than  24  hours,  provision.s 
should  oe  made  to  prevent  the  core  ana  coils  from 
taking  on  moisture  Refer  to  Storage  " 

i‘  the  unit  IS  be  moved  it  will  be  necessary  to  replace 
the  core  and  coil  holc-oown  bolts  anc  any  snipping 
braces  tnat  might  protect  tne  assembu  during 
movement 

Cleaning 

If  excessive  accumulations  of  oirt  a'c  found  on  tne 
transformer  windings  or  insulators  when  the  trans¬ 
former  is  inspected  the  ot:  should  be  'emoved  to 
permit  free  crcuiation  of  air  and  :c  guard  agamsi  t'le 
possibility  of  hsuiation  breakdowns  Pariicuiai  atten¬ 
tion  should  b-  given  to  citr--'!ng  the  too  and  bottom 
ends  of  the  w  rdings  assemblies  ana  to  cleaning  out 
the  ventilating  ducts 

The  windings  "■'ay  be  cleaned  with  a  vacuum  cleaner, 
a  blower,  or  witn  compressed  air  The  use  of  a  vacuum 
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cleaner  is  preferred  as  me  fi'’st  step  m  cleaning 
toilowec  by  tne  use  o*  compressec  air  or  nitrogen  Tne 
corr.pressed  air  or  nitrogen  snoulc  be  clean  and  dry 
ano  sbouiC  be  appiiec  at  a  relatively  low  pressure  (not 
over  25  pounds  per  souare  men.)  Lead  supports, 
terminal  boarcs.  bushings  anc  other  maior  insulation 
surlaces  should  be  brusned  or  wiped  w;tr  a  dry  cloth. 
The  use  ol  I'duid  cleaners  is  discouraged  as  some  of 
them  nave  a  solvent  or  oetenorating  effect  on 
insulating  materials 

Renewal  Parts 

Should  a  transforme'  be  dannaged  and  new  parts 
needed,  write  to  National  Incustri  giving  full 
nameplate  information  Be  sure  to  include  the  serial 
numoer  and  a  description  of  the  part  oesired  If  the 
proper  name  of  the  part  is  in  doubt,  a  simple  sketch  or 
photograph  will  expedite  prompt  shipment  to  you. 
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Trouble  Shooting 

Transformer  failure  may  occur  m  either  the  electric, 
magnetic  or  dielectric  circuit 


Symptom  Cause 

Electric  Circuit 

Overheating  .  Continuous  overload  —  wrong  external  connections  -  poor  ventilation  - 

high  surrounding  air  temperature.  (Rating  is  based  on  30  Degree  C  average 
temperature  over  24-hour  period  with  peaks  not  to  exceed  40  Degree  C.) 

Reduced  r*  Zero  Voltage  .  Shorted  turns  -  loose  primary  tap  connections 

Excess  Seconoary  Voltage  .  Inout  voltage  high  -  improper  primary  tap  connections 

High  Conductor  Loss  .  Overload  -  tap  connections  not  on  identical  tap  positions 

Coil  Distortion  .  Coils  short  circuited 

Insulation  Failure  .  Continuous  overloads  -  dirt  accumulations  on  coils  -  mechanical  damage 

in  handling  -  lightning  surge 

Breakers  or  Fuses  Opening  .  Short  Circuit  -  overload. 

Excessive  Cable  Heating  .  Improper  bolted  connection. 

High  Voltage  to  Ground  .  Usually  a  static  charge  condition. 

(using  rectifier  or  VTVM  meter) 


Magnetic  Circuit 

Vibration  and  Noise  _ -. .  Low  frequency  -  high  input  voltage  -  core  clamps  loosened  in  shipment  or 

handling  -  improper  primary  tap  connection. 

Overheating  .  High  input  voltage. 

High  Exciting  Current  .  Low  frequency  -  high  input  voltage  -  shorted  turns. 

High  Core  Loss  .  Low  frequency  -  high  input  voltage. 

Insulation  Failure .  Very  high  core  temperature  due  to  high  input  voltage  or  low  frequency. 

Dielectric  Circuit 

Smoke  .  Insulation  failure. 

Burned  Insulation  .  Lightning  surge  -  switching  or  line  disturbance  -  broken  bushings,  taps,  or 

arrestors  -  excess  dirt  or  dust  on  coils 

Overheating  .  Clogged  air  ducts  or  inadequate  ventilation. 

Breakers  or  Fuse  Open  .  Insulation  failure 


If  any  of  the  above  symptoms  are  noticed,  the  trans¬ 
former  should  be  removed  from  service  at  once. 
Immediate  attention  to  the  problem  may  save  a  large 
repair  bill  In  many  instances,  the  trouble  can  oe  found 
quickly  and  the  unit  returned  to  service 

If  the  trouble  cannot  be  definitely  corrected,  no  further 
use  should  be  made  of  the  transformer  until  the  cause 
has  been  found 

It  may  be  necessary  to  remove  the  core  and  coils  for  a 
closer  examination  If  no  apparent  fault  can  be  found 


the  core  and  coil  may  have  to  be  disassembled  for  a 
complete  inspection  Removal  of  the  coils  from  the 
core  IS  a  factory  or  service  shop  operation.  As  this  will 
mean  replacing  many  insulation  parts  when 
reassembling,  it  is  advised  that  the  trouble  be  reported 
to  the  nearest  National  Industn  representative^  before 
any  dismantling  takes  place.  Factory  advice  may  again 
save  a  large  repair  bill.  When  writing,  describe  the 
nature  of  the  trouble,  the  extent  and  character  of  the 
damage,  and  list  all  nameplate  information. 
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Application  Data 

Tie  forcec  ai'  cocunc  s.stcm  IS  aes.cnec;  use  w;*' 
I c-nMatec  C'v ,  pe  an2  cast  CO'  I'ais'O’me's  Ppfceo 
a.r  cooniQ  is  avanac'e  ci  ;rais'orme''s  30D  -  j'SO 
KVA  to  s„Dpiv  an  aaC'iicna'  23-i  3'<.  of  ovefioad 
capability  ic  ambient  a.'  rating  Consult  tactory  tor 
overload  capabilities  above  3T50  KVA  anc  special 
applications  not  menticnec  above 

Description 

National  InCustr,  Transtormers  Inc  otters  3  options  in 
torceo  ai'  cooling  eojipment  Tne  3  basic  options 
incluoe  tne  toHowma  equipment 

Option  A  —  Future  Forced  Air  Cooling 

1  insjiatec  tube  well  m  low  voltage  wmomg  tor 
future  aooition  ot  temperature  sensing  oevice 

2  Properly  s  ped  bus  tor  increasec  capacity  of 
transformer 

3  A  control  box  witn  a  nmged  plank  door 

Option  B  —  Provision  For  Future  Forced  Air  Cooling 

4  All  Items  oesc'ioed  under  Option  A 

5  A  hinged  door  with  oiai  type  temperature 
ihoicator  w  th  3  SPOT  adiustab'e  aia'm 
contacts  anc  a  maximum  temperature 
inaicatmc  pomter  with  reset 

Option  C  —  Complete  Forced  Air  Cooling 

e  Fan  m.ouhting  brackets  tor  maximum  cooimg 
efficiency 

T  All  Items  described  unde'  Option  5 
£  Autom.atiC  cont'O'  canei  eou  pped  w,:n 
inq^cating  nghts  anq  ai5'mi  pel: 

9  Fa-  moto's  anc  biaoes 

’C  t20  VAC  powe'  source  supplier:  it  specified  a: 
time  of  crce'  entry 

Ordering  Information 

To  c'Ce-  'orcec  a  '  coo  mo  ecu  pme-'  seiec:  •rc'-  tne 
cescript'O'  above  Cctic-  A  B  O'  C  anp  sc  state  t-at 
seiectio-  o"  c'oe' 

Control  Power 

Cont'O'  powe"  snc^'o  be  s^pr  lec  Pv  Custome-  t-pm 
a'^v  a.anab'e  T'  'w  AC  supp'v  amcjn;  c'  powe' 

required  fo'  ooeratio-  o*  tne  Fan  cooimo  system  w.i' 
var>  with  sice  o'  t'a''s‘o'me'  bemg  SuPpiiec  Gene'a 
requirements  *C'  transformers  uP  to  3033  KA'A 
lambien!  ai’  ratmgi  tSOC  VA  Consult  factO'v  to' 
la'ge'  transtc'mers  l'  ’2C  VAC  control  powe'  is  no' 
avaiiao'e  co-foi  powe'  may  be  tu'nisned  by  factory 
t'om  the  seccnca'y  o'  tne  m.air.  transfc'me'  if 
specified  a:  time  o'  orOe'  entry  m  cases  where  control 


cowp'  IS  to  be  Supplied  by  tne  factorv  tne  customer  s 
o'oe'  s-cuio  oe  wr.tten  e  c  1503  2000  AA  FA  Option 
C  f^o'ceo  Air  Cooling  with  control  power 

3  coil  sensing  is  available  as  a  separate  package  - 
CO-Sult  factory 

Future  Addition  of  Forced  Air  Equipment 

Fo-ced  air  equipment  may  be  added  m  tne  field  to 
trar's'orm.ers  that  were  equipped  bv  tne  factory  with 
Fut^  Forced  Air  or  P'Ovision  Fo'  Future  Forced  Air 
Coo.ing  (Option  A  anc  B)  Most  units  that  require  tne 
adcitior:  of  a  fan  cociimg  system  can  be  reaoily 
modifiec  in  the  field  Some  of  the  units  which  have 
been  ir  service  for  longer  periods  of  time  may  require 
a  more  extensive  conve'Sion  process  When  ordering 
equipment  for  completion  of  forced  air  cooling,  tne 
se'iai  number  of  the  unit  on  whicn  tans  are  being 
aodec  must  be  supplied  with  tne  order 

National  industri  reserves  the  ngnt  to  alter  any  of  the 
equipment  describee  m  this  information 

Forced  Air  Cooling  Equipment 


KVA 

1 1 )  No  of 
Motors 

(2)  Fan  Blaoe 
Diameter 

30C 

6 

7" 

30' -500 

6 

S  " 

501-750 

6 

9*' 

75'-l250 

6 

10" 

1251-2000 

12 

9" 

2001-3000 

12 

10" 

Above  3000 

(31 

(31 

Table  1 


Notes; 

ii)  Can  motors  are  1550  RPM  120  Voi:  0  T  Amp,  1  83 
H  P  each 

(2'  ^a""'  piaoes  are  uncoated  aium.inum; 

.'3)  Co-sjit  factO'v 
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Thermostat 

Tne  control  circuit  elements  are  actuated  Dy  tnermo- 
meter  contacts  m  the  Qualitroi  model  104-075-01 
temperature  indicator  assembly 

The  thermostat  is  of  the  bourdon-tube  type  and  is 
connected  with  capillary  tubing  to  a  bulb  installed 
directly  in  the  air  duct  of  the  center  transformer  coii. 
where  It  transmits  the  winding  hot-spot  temperature 

Forced  Air  Cooling  Equipment  Contact  Settings 


Coritac;s 

(1) 

220°C 

Max 

Total 

Temp 

erature 

(2) 

ie£-‘C 

Max 

Total 

Temp 

erature 

i3. 

150°  C 

Max 

Total 

1  emp 

erature 

Contact 

Position 

Recom- 

menoed 

Circuits 

Dead 

Bant. 

T 

Left 

?an 

17  ."C 

180'C 

145°C 

110'C 

Control 

T 

Center 

Alarm 

5°C 

710  C 

175°C 

140°  C 

Riqnt 

Auxiliary 

i_Lj 

.20X 

18£=C 

150°  C 

Table  2 


( 1 )  Standard  settings  for  conventional  Open-Wound 
Transformer  Forced  Air  Cooling  System  Used 
on  80'C  100°C  115°C.  and  150°C  Rise 
Transformers  unless  specified  otherwise 

.2)  Standard  settings  for  Cast-Coil  Transformer 
Forced  Air  Cooling  System  Used  on  80° C, 

100°C,  and  1 15°C  Rise  Transformers  unless 
specified  otherwise, 

(3)  Optional  Settings  for  Cast-Coil  and  Open-Wound 
Transformers  Forced  Air  Cooling  System  Used 
when  80°C  IS  to  be  maintained  at  Forced  Air 
Cooling  Rating 

Field  Conversion  from  Option  A  —  Provisions  for 
Forced  Air  Cooling  to  Option  B  —  Future  Forced  Air 
Cooling. 

A  tube-well  in  the  center  coil  of  the  transformer  will 
normally  be  provided  tor  most  installations  if  no  tube- 
well  exists  in  older  units,  consult  factory  for  details 

The  temperature  sensing  bult  of  the  temperature 
indicator  should  be  fully  msertec  into  tne  tube- 
well  as  shown  on  Fig  4 


Proper  air  clearances  must  be  maintained  from  any 
transformer  live  part  to  capillary  tubing  and 
temperature  indicator  General  guidelines  for  such 
clearances  are:  up  to  5  KV  —  2’.?",  up  to  15  KV  —  6". 

Replace  hinged  blank  door  over  cutout  in  transformer 
enclosure  with  temperature  indicator  panel  with 
indicator  and  terminal  block  attached.  Indicator 
contacts  are  available  on  this  terminal  block  for 
connection  to  remote  devices,  see  Fig.  1. 

Field  Conversion  from  Option  B  —  Future  Forced  Air 
Cooling  to  Option  C  —  Complete  Forced  Air  Cooling 

Fan  mounting  bracKets.  if  not  atreaay  installed,  should 
be  mounted  as  per  Fig  6  Use  existing  bolts  in  bottom 
flange  of  bottom  transformer  clamping  channel  if 
available  and  if  m  appropriate  position.  Otherwise 
wefd  brackets  to  me  ocriom  flange. 

Remove  hinged  indicator  panel  from  cutout  in 
transformer  enclosure  and  replace  with  FAC  contrc. 
panel  Connect  contact  wires  to  terminal  block  on  rear 
of  control  panel  per  terminal  numbers  as  shown  on 
Fig  7, 

Fan  motors  should  be  mounted  on  the  mounting 
brackets  using  lock  washers  on  all  screws  Fan  blades 
and  rubber  souna  vibration  reducing  washer  should 
be  installer  locating  pms.  and  secured  with  lock 
washer  anc 

Wire  SIX  tan  otors  m  parallel  and  connect  to  terminal 
points  1  and  2  on  terminal  block  on  rear  of  FAC 
contro'  panel  If  12  motors  are  required,  wire  the 
remaining  six  motors  in  parallel  and  connect  to  points 
3  and  4  Connect  120  VAC  to  terminal  points  11  and 
12  on  same  terminal  block 
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If  CPT  ■$  required,  rncj'^i  uni:  anc  fuses  m  a  suitadfe  fcr  oiciiai  jn.;s  see  separate  instruction  manua 

location  anc  connect  as  oe'  nig  9 

Proper  air  clearances  must  oe  maintained  Between  all 
trans'ormer  live  pa'ts  ano  fan  motors,  niaaes  and  ail 
control  wiring 


Temperatue  Indicator  Contact  Wiring 


'  Tne  temoerature  indicator  is  eauipped  with  3-SPDT  contacts,  each 
inoepenoentiy  adjustapie  over  a  troac  temperatu'e  range 

2  Contact  Ratmg  10  Amp  ig  125  250  VAC 

.5  Amp  (S  125  VDC  (Non-inductive; 

25  Amp  (o'  250  VDC  (Non-mductive) 

3  Contacts  a^e  wired  tp  control  elements  m  FAC  oane' m  Option  C.  or  to 
custome’'  terminanon,  pomts  for  connection  to  remote  devices  m  Option 
B 

n  Contact  sett  ngs  are  normally  factory  preset  Fpr  possible  fieic  adjust¬ 
ments  refe'  tc  Table  2 


Fig.  1 


RED 
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Fig.  2 


Temperature  Indicator 

1.  Black  temperature  Indicating  pointer. 

2.  Red  maximum  temperature  pointer. 

3.  Maximum  temperature  pointer  reset  button. 

4.  Removable  bezel  ring  for  access  to  contact  settings. 

5  Three  adjustable  contacts  tor  connection  to  remote 
controls  and  alarm. 

6.  Temperature  sensing  bulb. 

7.  Contact  leads. 


Field  Installation  of  Temperature  Indicator 

1.  When  indicator  is  supplied  for  fit  ,  installation  in  an 
enclosure  which  does  not  have  provision  for  mounting 
of  device,  the  cutout  and  drilling  shown  at  left  will  be 
reguireb. 

2.  Cutout  should  be  made  in  non-removable  panel. 

3.  Mount  indicator  with  flange  inside  of  panel. 

4.  Cutout  should  be  m  a  location  that  provides  adequate 
clearance  to  transformer  live  parts.  Indicator  extends 
3'4"  inside  of  panel. 
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Dr  Id  c* 

No!*"  ’  iT'd'  "0  :a’0'  soC^  aafcjaie  cfra'anc?  lo  ‘-ve  Dd'is  'S  »na'n;a*neo  in(j.ca:or 

li'^C  CdD  o'  ,  luO  rc 

r  t  »«»'c  s*  cj'f*  •”c!  tc  r'jih  se*"*  nc  bo  b  d'^c*.  !o  n-.a^e  i!^d'c  De'^ds  m  caD’Hary  tube  CO'^  excess 
p'  cdo  *  d’\  Tobe  anc!  soPDO'i  fo  b'evp'':  oa'^aoe  tr  tube 


*3'  ^c'j-  na  to  ma  nta-^  aoeuoait'  c  eafance  to  ifa'~s?orme'  Jive  parti 
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FAC  Instructions 

1  Saoply  of  120  volts  -  6C  Hz  or  100  volts  -  50  Hz  to 
points  11  anc  12  o'  control  panel 

2  Panel  IS  Oe-energizeC  witn  mam  switcn  m  "OFF' 
position 

3  Witn  Circuit  breakers  m  '  ON'  position  the  green 

POWER  pMOt  lignt  indicates  tnat  panel  is 
energized  Transformer  may  be  operated  at  it  s 
forced  air  rating  only  if  tnis  lignt  is  on 

iA  Move  FANS'  switch  tc  AUTO  position  This  is 
the  normal  position  tor  operating  fan  controller 
Wnen  me  temperature  of  Ti  contact  is  reacned. 
contact  T 1  Closes,  tne  ambe'  FANS'  lignt  is 
energized,  fan  motors  operate  Tne  Ian  motors 
and  tne  FANS'  lignt  will  continue  to  operate 
until  tne  temperature  tails  15-20'  C  below  T 1 
contact  setting 

4B  Move  "FANS'  switch  to  MANUAL  '  position 
This  lunciton  by-passes  tne  automatic  controls 
and  operates  fan  continuously  This  position 
snouid  be  used  only  tor  emergency  ooe'ation  or 
testing  of  fan  motors 

5  I*  temperature  continues  to  nse  above  T1  contact 
setting  and  T2  contact  setting  is  reached,  contact 
T2  closes,  energizing  tne  red  ALARM  lignt.  the 


local  annunciator,  and  the  remote  "ALARM" 
contacts  on  tne  rear  terminal  board  The  local 
annunciator  and  the  remote  "ALARM"  contacts 
may  be  oe-energized  by  momentarily  moving  the 
'  ALARM ■'  switcn  to  "SILENCE  "  position,  while 
overload  condition  is  being  adjusted  The  red 
ALARM'  light  will  remain  lighted  until 
temperature  falls  5-lO‘'C  below  T2  contact 
saetting  The  "ALARM"  circuit  also  resets  itself  a: 
this  point 

^  Move  "ALARM'  switch  to  "TEST"  position  to  test 
operation  of  the  "ALARM  "  light,  local 
annunciator,  and  remote  "ALARM"  relay 
operation  Tne  red  ALARM"  light,  local 
annunciator,  and  remote  "ALARM"  relay  will  all 
remain  actuated  as  long  as  the  ALARM"  switch 
IS  held  in  the  'TEST  "  position 

7 A  Auxiliary  circuit  for  remote  '  ALARM" 

connections  are  provided  at  points  5  and  6. 
Device  should  be  rated  maximum  120  vac,  3 
amps  Power  is  provided  *rom  fan  control  panel 

7B  Auxiliary  circuit  for  remote  "TRIP"  connections 
are  provided  at  points  7.  8  and  9  Device  should 
not  exceed  3  amps  125 '250  vac  and  should 
include  its  own  source  of  supply  power. 
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Notes  1  Points  A  ano  6  connected  to  21*0  or  480  volt  soop^y 

2  Fuses  —  see  taoie  below 

3  Connect  primary  of  CPT  lo'  correct  input  voltage  See  CPT  nameplate 
for  proper  connection 

4  Connect  secondary  of  CPT  as  shown  py  ootted  lines 

5  Output  of  CPT  connected  to  terrr.inai  points  1 1  and  12  of  FAC  panel 
See  Fig  7 


Main 

Input  Voltage 

Fuse  Sire 

Transfoi  mer 

to  CPT 

Pecjuired 

Up  to 

240V 

250V  9A 

3000  KVA 

480  V 

600V  ■  5  A 

Above 

3000  KVA 

480V 

600V  &A 

Table  3 
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P.O.BOS»l*tMia«<9T. 
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Ci»co*«  S«hM  SO  XL  mtiinnta 
provid*  hot  ipot  tMuparatur* 
vnmmt,  tan  oa-«n  eonrd.  dra 
Indcntton.  nude  atani.  tip  Indcdtan. 
■nd  tip  md  ttara  — hdiM  tar 
dry-typn  twMforMrt.  Thnat  indru- 

dw  tdiitniti  tMipdtiim  that  It 
•ip«tanc«d  by  Om  IhrM  rmdonty 
c«ta. 


OPERATION 

At  tM  ttrnptrature  of  the  ttnaformtr  hot 
spot  chtnpn,  tfw  wnbiont  coniptntAtd 
croit  proviout  tcortto  indkaton  of  the 
hi^wet  tempntire  vdkh  tie  3  thvmo* 

woiyWd  90n9«.  I nfli  rVyio9  iwfDpcnuijrv  v 

used  to  dive  the  conrol  k)^.  The  set  poktt 
for  the  oMitcn  and  operaPon  are 
anv^zed  tom  the  aeme  cirouit  which  divee 
the  indcator  on  the  face  of  the  panel.  The 
atam  and  tip  relaya  have  a  5^  hyaiaryaia  to 
meintain  atarm  and  tip  rtformaPon.  The  tan 
conrol  haa  a  2SC  hyataryaia  to  ha^p  extand 
the  Ife  of  the  tana  and  the  fan  relay  contacta. 
The  pow  ight  ia  Teen,  the  fana^  ia 

ywow,  b>6  Mrm  m  rM,  VM  VW  Yip 

ia  red. 


THERMOCOUPLES 

Theee  inerjmanta  uee  Type  *P 
tharmocouptee.  Type  *E"  tharmoocyplee  are 
ueed  to  reduce  the  inroducPon  of  an’cra  that 
can  occur  if  thermocoupiee  are  uaed  that 
contain  magtetic  matariaia.  T>«e  apedaly 
conaructed  Omco  tharmocouptee  can  be 
imbedded  into  the  1.2  KV  dy^type  cola  to 
aenae  the  hoHpol  temparaPie  drecfly 
tathout  concern  tv  tharmai  tyadenta  within 
thecoia.  c- 


PAIL  SAFE  FEATURES 

•  With  ioee  of  power .  Alarm  arm  on 

•  WNhIooaofany  thermocouple.  Alarm  and 
Fanralaya  tun  on  vdiie  the  tp  crcuit  doee 
not  tun  on  imdr  aithar  of  the  above 
condtiono. 

•  it  fan  conrol  awitch  ia  in  off  poaMon  or  if  fan 
conrol  logic  ia  inoparaliva.  the  tip  funcPon 
wl  tun  on  fane. 


INSTALUT10N 

•  Complefe  inaruclione  re  printed  on  the 
bade  aide  of  the  inatumant  next  to  the 
tar  nala. 

•  A*  relaya  are  indudad  In  the  MrumeriL 

•  120/ 240  VAC  input  power  aelecPon 

•  rWW  IwUnlM 

•  One  piece  inetalaPon 

•  Verify  accuracy  by  readng  ambient  at  atari 

•  Set  pointa  re  acfuetable  by  rrieformar 
manufacluer 

•  Verify  eat  pointa  wathealMeetfeatue 

•  Uee  Type ‘E*  tharmocouplea 

•  The  red  thermocouple  lead  ia  "negaPve*. 


CONSTRUCTION 

Al  of  the  neoeeaanr  creuiry  and  raiaya 
andoaed  An  atracPve  face  plate  covara 
amai  cabinet  and  la  uaed  to  mount 
inervimant  in  the  dytype  ranaformar  aheet 
metal  endoaue.  Al  connecting  tarminol 
pointB  are  located  on  Pie  back  of  the 
inarument  and  are  deariy  labeled  to  help 
reduce  error  duing  inataiaPon. 
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OPERATIONAL  CONTROLS 

•  FAN  CONTROL  SWITCH 

Tho  f«i  conrd  can  bo  in  iho  automobc.  mmud,  or  olf  podbon.  In  lutomabc, 
fm  bm  on  md  on  c  bw  proviouaty  oat  fane  on-an(^  tonipartbro.  In  iho  manual 
poaibon,  fana  oA  bo  bmod  on  at  al  bmaa.  In  tho  on  pooibon.  fan  poioer  ie  not 
a»aiabla  to  bio  fane. 

•  ALARM 

Tho  oparator  can  aienco  bto  local  ate**  locatod  on  bw  front  panal  of  tho 
inatumonL  Tho  romoto  alarm  oonbnuoe  untl  bw  alarm  condbon  daara.  Tho 
complalo  alarm  crcuit  ia  toatod  by  uaaig  bM  eon  toot  foabro. 

•  SEIF  TEST 

Tho  aoM  taot  foabro  proMdoo  bto  oparator  wibi  bio  abftty  to  toot  al  oat  pointa 
Mbiaut  bio  nood  for  addbonal  inobumontabon.  Tho  puah  and  hold  conbel  anar^oa 
bM  toot  cfrculL  Tho  mabo  and  trealc  aat  pointa  aro  chocbod  by  chanpng  bio  bin  to 
chock  oonrol  and  comparing  bio  on-on  acbon  of  bio  fana  on,  alarm,  and  lip  b^ 
oabi  bM  indcabon  on  bM  nad-ouL  Tho  fana.  local  and  romoto  alirma,  and  bip 
aro  bmod  on  by  bM  oon  toot  foabro.  Tho  tip  ralayia  not  anargzoddu^aon  toot 

Tho  oon  taot  foabro  can  aloo  bo  uaod  to  change  bM  aat  pointa.  Contact  tho 
ranaforMT  auaMifaclurar  bafara  attampting  to  chan^  aat  pointa.  Tho 
ae<  poaita  aro  oatabiahod  to  protoct  tho  inaulabon  ayatom  aa  wel  aa  bM  olecbical 
operating  ayatom. 

Tho  oon  toot  foabro  can  aloo  bo  uaod  to  toot  bM  orrtro  oiocrical  conbol  ochomo 
and  fana.  Tho  tip  circuit  vmI  not  onor^zo  whan  uaing  bM  aoH  toot  foabro. 

•  MAXIMUM  TEMPERATURE  MEMORY 

Tho  OMiiauai  toByaratiro  aiaaiory  ia  doplayod  on  bM  motv  by  proaoing  bM 
puah  to  road  control.  Tho  maamum  momcry  ia  an^  by  prooaing  bM  pueh  to  rooot 
conrd.  Tho  maximum  tomparabro  memory  ia  rotainod  n  bM  alocronica  fa  30 
daya  or  moro  if  bM  powa  to  bM  inerumont  ia  loat  A  battery  ia  not  uaod  to  retain 
momory. 

•  THREE  THERMOCOUPLE  SELECTOR 

Tho  ttraa  tharoMCoupla  oaloctar  foabro  oparatoa  automaticaly  to  ooloct  bM 
hottaat  phaoo  to  bo  uaod  in  the  oonbd  logic.  To  rood  bM  tompnabro  of  bM  obMr 
phaoaa.  proea  bM  carroapondng  conrd  button.  Tlroo  ridcata  ntiich  phase 
la  bM  hottaat  and  is  being  uaod  in  bM  conrd  logic. 

•  FUSE 

Tho  br^Tt  mountod  fnaa  a  brooka  ia  to  protoct  tho  fane.  Tho  rMbumant  io  not  fuood 
m  adn  to  prcMde  maximum  protocilon  fa  bM  ranaforma. 
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FEATURES 


•  SELF-TEST 

•  ALL  OffOFF  SET-POlWTS  CAN  BE 
CHECKED  BY  USING  FROWT  PANEL 
CO^fTROLS. 

•  Aa  0^  sET-Poir/rs  can  be  change) 

USING  THE  FROHT  PANEL  CONTROLS 
AH)  THE  SCREW  DRIVER 
ADJUSTMENTS.  (DEAD  BAND  IS  FIXE)) 

•  hUOQMUM  MEMORY  IS  NOT  AFFECTE) 

BY  SELF -TEST 

•  E)(TERNAL  TRIP  CIRCUmS  NOT 
AFFECTE) 

•  LOCAL  ALARM  CAN  BE  TESTE) 

•  FANS  AND  REMOTE  ALARM  CAN  BE 
TESTE) 

•  FA^jS  ON.  ALARM.  AND  TRIP  UGKTS 
CAN  BE  TESTE) 

•  FAIL-SAFE 

•  FOR  ANY  OPEN  THERMOCOUPLE 

•  METER  Wia  READ  FUa  SCALE 

•  MA)QMUM  MEMORY  READS  FUa 
SCALE 

•  FAN.  ALARM.  AND  TRIP  UGHTS  TURN 
ON 

•  ALARM  RELAYS  OPERATE 

•  LOCAL  SONIC  ALARM  OPERATES 

•  TRIP  RELAY  DOES  NOT  OPERATE 

•  FOR  LOSS  OF  POWER  TO  INSTRUMENT 

•  ALL  UGHTS  TURN  OFF 

•  ALARM  RELAYS  TURN  ON 

•  MA)aMUM  TEMPERATURE  IS  STORED 

•  RETAINS)  AT  LEA' '^ORX  DAYS 

•  NO  LOSS  OF  ACCU-v^CY 

•  NO  BATTERY  POWER 

•  INSTALLATION  INSTRUCTIONS 

•  COMPLETE  INSTRUCTIONS  ON  BACK 
PLATE 

•  TERMINALS  CLEARLY  MARKS) 

•  FUNCTIONAL  DESCRIPTION  INCLUDS) 

•  THERMOCOUPLE  CONNECTING 
INSTRUCTIONS 

•  120/ 240  VAC  INPin’ SELECTION  c-41 

•  30  AMPS  OF  FAN  POWER 

•  TWO  SETS  OF  FAN  POWER  TERMINALS 


•  OPERATING  INSTRUCTIONS 

•  SINGLE  FUNCTION  CONTROLS -ALL  OF 
THE  FRONT  PANEL  CONTROLS  PERFORM 
ONE  FUNCTION  ONLY. 

•  INSTRUCTIONS  FOR  EACH  CONTROL  ARE 
PRINTS)  ON  THE  FRONT  PANEL  NEXT  TO 
THE  CONTROL 

•  EXPERIENCE)  CONTROL  ROOM 
OPERATORS  USUALLY  DO  NOT  REQUIRE 
ANY  TRAINING  TO  OPERATE  THIS 
INSTRUMENT. 

OPERATING  INSTRUCTIONS  FOR 
MAXIMUM  TEMPERATURE  MEMORY 

•  AT  START-UP 

•  PRESS 'PUSH  TO  READ* 

•  PRESS  ‘PUSH  TO  RESET  IF  RESET  IS 
DESIRED 

•  NORMALOPERATION 

•  PRESS 'PUSH  TO  READ*  TO  DETERMINE 

MAXIMUM 

TEMPERATURE  SINCE  LAST  RESET 

•  PRESS ‘PUSH  TO  RESET  TO  CLEAR  THE 
MAXIMUM  TEMPERAT  jRE  VALUE  IN 
MEMORY 

OPERATING  INSTRUCTIONS 
FOR  SELF-TEST  FEATURE 

•  SET  FAN  MODE  CONTROL  TO  AUTOMATIC 

•  RC,  ATE  SEIF-TEST  CONTROL 
COUNTER-CLOCKWISE 

•  PRESS  -PUSH  AH)  HOLD*  SWITCH 

•  SLOWLY  ROTATE  SELF-TEST  CONTROL 
CLOCK  WISE 

•  RECORD  THE  TEMPERATURE  INDICAT1CN 
ON  THE  METER  AS  EACH  OF  THE  CONTrtO 
UGHTS  TURNS  ON. 

•  SLOWLY  ROTATE  THESELf -TEST 
CONTROL  COUNTER  CLOCKWISE.  (OK  TC 
SILENCE  ALARM  DURING  CHECK ) 

•  RECORD  THE  TEMPERATURE  INDICATION 
ON  THE  METER  AS  EACH  OF  THE  CONTRC 
UGHTS  TURNS  OFF 
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GENERAL  SPECIFICATIONS 


FEATURE  STANDARD  OPTIONAL 

SCALE  RANGE  0>2S0rC 

SCALE  TYPE  DIGfTAL 

ACCURACY  *  1  %  OF  FULL  SCALE 
CURRENT  LOOP  4>20  MILLJ  AMP 

SET  POINT  RANGE  FULL  SCALE 

DEAD  BAND 

FANS  2SC 

ALARM  AND  TRIP  5C 
FAN  CONTROL  AUTO-OFFHIIANUAL 

FAN  REUY  RATINGS 
FANS  1  (SPST)  1  HP  AT  1 20  VAC 

1-1/2  HP  AT  240  VAC 
FANS  2  (SPST)  1  HP  AT  120  VAC 

1-1/2  HP  AT  240  VAC 
ALARM  Ate  TRIP  10  AMPS  AT  120  VAC 
RELAY  RATING  6  AMPS  AT  240  VAC 

ATPF-1.0 
1.5  AMPS  AT  125  VDC 
0.7  AMPS  AT  240  VDC 

THERMOCOUPLE  TYPE'S* 

3  REQUIRE) 

SUPPLY  POWER  120  OR  240  VAC 

MAXIMUM  LOAD  30  AMPS 

PROTECTION  20  AMP  FUSE  SINGLE  POLE  BREAKER 

ON  FAN  CIRCUIT 

SONIC  ALARM  FRONT  PANEL  MOUNT 

90(t)-  INTERMTITENT  SIREN 

PANEL  CUT-OUT  S  TT  WIDE  BY  13.875"  CONTAa  CIMCO 

HK>OT  TEST*  1 500  VAC.  60HZ.  60  SEC. 

TEST  NOTES 

•  DURING  Hl-POT  TEST;  DO  NOT  INCLUDE  THE  THERMOCOUPLE 
TERMINALS  IN  THE  TEST. 

•  DURING  IMPULSE  TEST;  DO  NOT  CONNECT  THERMOCOUPLE 
TERMINALS  TO  GROUND.  r.<2 
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(D 


CD 


FANS 


AUTO 

OfF  O 
MAN 

PUSHTO 
SILENCE  O 
ALARM  ^ 


o 


PUSH 
AND  hold 
SCLF  TIST 
TURN  TO 
CHECK  () 


WINDING  TITPERATURE  *C 


SET-POINTS 


POWER 

ON 


FANS 

ON 


ALARM 


TRIP 


_  PUSH 
^  TO  READ 


^  MAXIMUM  ^ 
(J  TEIPERATURE  (j 
MEMORY 


TO  RESET 


Iff  TER  WILL  AUTOMATICALLY  READ  PHASE  WITH  HIGFCST  TEMPERATURE 
PUSH  SWITCHES  TO  READ  OTHER  PHASES 


o 

LEFT 


o  o 


CENTER 


ALARM 


RIGHT 


o 


FUSE 


CAUTION 

00  NOT  REMOVE  THIS  INSTRUMENT  WHILE 
TRANSFORMER  OR  INSTRUMENT  IS  ENERGIZED 


NOTES 

1.  FACEPLATE  IS 0.60“ 
BRUSHED  ALUMINUM. 

2.  LETTERING  IS  SLI0HTL 
SMALLER  IN  SCALE  TH 
THAN  SHOWN. 

3.  BOX  IS  <4"  DEEP. 

4.  BOX  IS  6- 1/2*  X  n- 

5.  TYPE  “E"  THERMOCOUf 
IS  STANDARD. 

6.  FUSE  DOES  NOT 
INTERRUPT  POWER  Ti 
INSTRUMENT. 

7.  ALARM  EMITS  AN 
INTERMITTENT  HlOH 
PITCHED  SIREN  TYPE 
OF  SOUND  RATED  AT 
90  db. 

8.  ALL  LIGHTS  ARE  LED'E 

9.  DIGITAL  METER  IS  LEC 
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^ - 

6  H0LE5-0.3 1 3"  5Q. 
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SELECTOB 


8)  COM 


y  COM  - 
NC  . 


ALARM 


PHASES 


SELECT  TOMINALS 
TO  MATCH  INPUT  ON 
terminals  It  AND  12 


PHASE  C 
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-  LEAD  IS  RED 
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SELECTOR  ^ 
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CENTER 

RIGHT 


m  HI 
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POWER  FANS  ALARM  TRIP 
ON  ON 

STATUS  LIGBTS 


NOTE:  ALL  LIGHTS  ARE  LED  S 


POWER  POWER  POWER  IN 
OUT  OUT  1 20  OR 
TO  TO  240  VAC 

FANS  1  FANS  2 
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ABB  Power  T4D  Company  Inc.  instruction  BooKiet 

Unaerarounc  Distribution  Transtormers  I.B.  46*060-1.  Section  D 

jeffe'son  C»ty  MO  66101 


Ettective  May  I99i 
Supersedes  1  E  46-060-1 
Section  D  catec  June  i985 


Instructions  for  Oil-Immersed 
Distribution  Transformers 

Section  D;  Padmounted,  75-2500  KVA,  Three-Phase 


1.0  INTRODUCTION 


The  three  r’'ase  paoh-ountec!  O'Strip'jtioh  t'ansto’hier  is 
cesiphec  tc  iSi-  eie:t'ica  ser^  ce  o".  u'lae'a'Ounc  a.atn- 
DatiQh  svsierhs  The  fahs'orme'  is  oesighec  to'  ootaoo' 
noohtihc.  O'-  a  pact  P'i"ia-,  anc  seconaa'^  cahies  ente'  the 
t'ahsto'me'  co'hpa't'heht  tro'i"  re'ov.  thrpogh  ope'hhgs  in 
'he  pac  Ar  enposec  me  pa'ts  a'e  cch’.pietei'v  enciosec  m 
ta'hper-'es.staht  caDmets  with  p'o>iSions  tor  padioCMog 

The  trahstc'''ne'S  aesctiDed  hereir^  a'e  designed  to'  the 
conditions  no'mai's  e''cojnte'eo  C'h  electric  utility  power 
di't' Potion  systems  As  Such,  thev  a'e  suitaPle  tor  use  under 
the  usuai  service  conditions  oesc'ioed  m  ANSI  C5T  12  00 
iGeierai  Beaui'ements  to-  Liduia-immersed  DiStnDution 
Power  anc  Peguiating  Transtorme's;  Ah  otne'  conditions 
a'e  consioe'ed  unusua:  service  anc  should  De  avoided 


2.0  SAFETY 


WARNING:  REAOjniS  INSTRUCTION  BOOK  CARE-* 
fFUU.Y'BEFORE;^ATTEMPnNG  TO  INSTALU'  MAIN-S 
t  JAIN,^PERATE  OITsER^CE  THE  TRANSFORMER.'^ 
FAIUUREJ'O^OU.OW  INSTRUCTIONS  CAN  CAUSE  * 
:  SEVERE  INJURIC  DEATH,  OR  PROPERTY  DAMAGE.  7^ 


Keep  this  Instruction  Book  available  to  those  responsib'e 
lor  the  installation  maintenance  operation,  ana  service  oi  the 
transtormer  Saiety  as  defined  m  this  Instruction  Book 
involves  two  conditions 


1  Pe'SOna'  iniuny 

2  Product  O'  properly  damage 

SEE  important  "Disclaimer  of  warranties  and 

limitation  0=  LIABILITY'  ON  PAGE  12 


Safety  notations,  intended  to  aien  personnel  of  possible 
personal  injury  death  o'  property  damage  have  been  in¬ 
serted  in  fne  mstructiona.  text  c'lOr  to  the  steo  m  which  the 
cor'dition  IS  cited  These  safety  notations  are  headed  by  one 
o'  three  hazard  intensity  levels  which  are  defined  as  follows 


3.  CAUTION  ~  Hazard  or  unsafe  practice  which  will  or 
can  cause  minor  personal  iniury  or  minor  properly 
damage 

Tne  t-ansfp'r^e'  shou  d  be  ope'a’ed  and  serviced  oniv  by 
compe'en'  pe'sonne'  la'^i  13'  w.t''  good  safety  practices 
Thesemst'uct.ons  a'e  writ'e''fo' Such'  pe'sonnei  anc  a'e  not 
intpnopdasas.-Ostitute'0'  adea..ate  I'ainingandenpe'ience 
!■'  the  use  o'  tnis  eauipmo-t  Snouic  clarification  or  tudne' 
info""atio''  be  reQu  'ec  o'  shou'd  c'Obiems  anse  wnicn  a'e 
no'  cove'ed  suYicientiv  lo'  me  use' s  purpose  rete'  tne  mat¬ 
te'  to  tne  ABB  Ppwe'  T &0  Compa'ry  me  wnen  comm.unicat- 
mo  wif'  ABE  'ega'ding  tne  prodo.it  covered  bv  this  msfruc- 
lio''  Book  a  wavs  mciude  me  toUowmg  items  of  mlormation 
I'orr  t'le  t'ar'storrrer  s  namebiate  Serial  number,  stvie 
nu-nber  KVA  rating  high  voltage  and  low  voltage  ratings 


Additionally  all  applicable  safety  procedures  such  as 
OSha  recjirements  regiona'  and  local  saiety  reauirements 
safe  working  practices  and  good  judgement  must  be  used  by 
Such  personnel 


3.0  RECEIVING 


>G^i^aRj40T~UFXLTHE.TRANSFORMEa:j 
HiSlNOj^ANE^OR  JACKS  ON  AW.PARTJO^ 
^TRlWtfORM^OTHER  THAN  THE  UFTING  HOOKS3 
^OR  jACtONGPADS  PROVIDED  FOR  THiaJ>URPOSE^ 
^IMPROPER’iJFTING  OR'JACKING  CAN^CAUSEg 
[sEVER^nJURY  AND  PROPERTY  DAMAGE.^^^f^ 


Tne  transformers  are  nor-naliy  snipped  completely  assemb¬ 
led  ana  ready  to  install  Each  transformer  snouiO  be  careful'v 
inspected  upon  receipt  anc  tne  transportation  contpany  noti¬ 
fied  of  any  Damage  that  has  been  incurred  The  snipping  list 
Should  be  checked  to'  possible  shortages 

T nree-phase  transformers  are  normally  shipped  on  a  pallet 
Palletized  transto'mers  in  these  ratings  may  be  moved  reaony 
b.  alitttruCk  crane  or  cart  Tne  li'tmg  hooks  supplied  or  me 
sides  of  the  transformer  enable  it  to  be  lifted  by  crane 

Be  sure  tne  device  chosen  has  tne  caoacitv  to  lift  or  move, 
me  complete  unit  (Weight  is  shown  on  the  namepiate  ) 

Lift  tne  transformer  utilizing  all  the  hooks  and  use  proper 
spreaders  to  obtain  a  vertical  lift 


Lifting 

Hooks 


Fig  1 

This  transfo'me'  has  been  furnished  with  a  '  oenfa-head 
locKinc  bott  that  must  be  loosened  to  open  tne  compartment 
This  bolt  C3’''  be  tu'ned  with  a  standard  pentaheac  soc«et 
iwrench).  as  used  wide'y  m  the  uiiiny  indust'N'  Sockets  can 
be  Obtained  from  me  Snap-On  Company  (tool  <=62191,  O' 
eouiyaient 
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4.0  EXTERNAL  INSPECTION 


The  oi'  leve'  shoulS  be  checked  bv  removina  the  oil  level 
piuo  located  ai  the  25  ‘  C  level  Any  unit  which  does  not  have 
the  procer  oil  level  should  be  checked  tot  leaks  anc  refilled 
through  the  vent  plug  before  placing  m  service  Use  only 
duality  oil  per  ASTht  0348'  wheh  adding  oil  tc  the  trans- 
forme'  T he  II  ahsf orme' was  filled  o'  processed  at  the  factory 
with  noh-PCB  dielectric  fluid  m  accordance  with  Federal 
Poivchiormated  B'-phenyl  (PC9)  Regulations  40  CFR  761.  et 
seg  The  non-PCB  fiuid  contained  less  than  Ippm  at  time  of 
processing  o'  filling  The  owner  should  take  the  necessary 
precautions  so  that  PCB  contaminalion  is  not  introduced 
Ojrihc;  field  filling  or  maintenance  of  me  lransfor<Tier  )r  ,’fer  to 
Fig  21 


Oil  Level  Plug 


a 


Oil  Fill 
(Vent}  Plug 


I  \ 


Oil  Level 


^  Oil  Drain  Plug 

High  Voltage  Low  Voltage 


Fig  2 


5.0  INTERNAL  TANK  INSPECTION 


KUiJ.Jt.  J 


WARNING:  ALWAYS  VENT  THE  TRANSEORMER  BY 
FOUOWING  THE  INSTRUCTIONS  IN  SECTION  7..3.' 
FAILURE  TO  DO  SO  CAN  CAUSE  SEVERE  PERSONAL 
INJURY.  DEATH  OR  SUBSTANTIAL  PROPERTY 


r  DAMAGE. 


•i.'iiri  i'STtYA 


CAUTION:  WHEN  A  TRANSFORMER  IS  OPENED.  USE 
CARE  TO  PREVENT  ENTRANCE  OF  MOISTURE  OR 
FOREIGN  OBJECTS  MOISTURE.  DIRT  OR  FOREIGN 
OBJECTS  CAN  WEAKEN  THE  INSULATION  OF  A 
TRANSFORMER  AND  GREATLY  SHORTEN  ITS  LIFE. 


The  trai'siorme'  covered  by  this  instruction  is  shipped 
‘-'idy  fo'  installation  and  does  not  reauire  internal  inspection 
•''weve'  if  the  transformer  must  be  opened,  prevent  the 
entrance  0'  moisture  O'  other  foreign  material 


6.0  STORAGE 

Tne  transformer  should  be  stored  compieteh  assempiec 
Itanh  sealed  ana  cab'netrv  ciosedi  as  tnougn  r.  were  ener¬ 
gized  ana  a' its  permanent  location  T ranstormers  Should  not 
be  Stacked  on  'op  of  one  another,  and  care  must  be  eke'cisec 
to  prevent  submersion  m  water  The  transtormer  should  oe 
stored  on  a  souo  level  foundation 

in  the  event  a  transformer  is  tc  be  held  in  storaoe  for  a 
period  in  excess  of  one  ( 1 1  yea',  it  is  recommended  the  space 
above  the  oil  oe  pressurized  with  dry  air  to  two  (2i  to  three  (3i 
psig  This  will  prevent  moisture  ingress  due  to  negative 
pressure 

The  transformer  w'li  be  ready  for  service  at  any  time  pro¬ 
vided  It  has  received  tne  inspections  outlined  in  Sections  4  0 
and  Section  7  0  thru  7  7 

7.0  INSTALLATION 

Installation  should  comply  with  the  latest  edition  o‘  tne 
National  Electrical  Code 

7.1  Mounting 


.WARN(NGl.FAILURE^O«PROPER^mOUNT.THEi; 
^TRANSFORMER  CAN  CAUSESEVEREINjURYyDEJ^* 
[OR  PROPERTY  DAMAGE 


The  transformers  should  be  mounted  on  a  flat  tevei  pad 
strong  enough  to  support  the  weight  of  the  transformer  The 
unit  should  not  be  tilted  m  any  direction  greater  than  1,5 
degrees  as  a  greater  i/it  will  cause  deviations  m  IiquiC  level 
near  fuses,  pressure  re'ief  devices  or  other  accessori.,s  spe¬ 
cifically  located  at  or  near  tne  25  degree  C  iiQuid  levei 


CAUTION:  DEVIATIONS  IN  OIL  LEVEL  CAN  IN¬ 
CREASE  THE  POSSIBILITY  OF  A  DISRUPTIVE 
FAILURE. 


When  supplied  hold  down  cleats  or  brackets  should  be 
used  to  bolt  tne  transformer  securely  to  tne  pad  i  reler  to  Fig 
3) 


The  transformer  cabinet  should  si!  flush  on  tht  pad  allow¬ 
ing  no  gaps  which  would  compromise  me  lamper-resistance 
of  the  transformer 

7.2  Location 

Sincethese  tra.risformers  cnnt.tm  a  flamm.aole  msulatmg  fijid 
iminera:  Oil),  transtorme  lure  can  cause  fire  a^.c  or  explo¬ 
sion  This  possioilily  shiu  .id  oe  consice'ed  wner-.  locating 
these  transformers  in  close  prommity  to  buildings  O'  public 
tnorouQhtares  Refer  to  the  latest  edition  o‘  ;ne  National  Elec¬ 
trical  Code 

7.3  Venting 

Vent  the  transtormer  by  manually  ooeraimg  tne  pressure 
relief  device  normally  provided  or  by  removing  tne  vent  plug 
The  transformer  should  be  vented  before  it  is  energized  if  i! 
has  been  pressurized  tor  leak  test  or  if  tne  unit  has  been 
opened  and  reseated 
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Bottom  ot  Cabinet  Compartment 


( 


I 


2:^ 


20  on  46-62  Width 
24  on  66-70  Width 


'  I 
I  1 

Typical  Bolted  Cleat  Assembly 


Fig  3 


7.4  Grounding 


'  WARNING:  THETflANSFORMER  MUST  BE  PROPERLT  * 
LgROUNDED  prior  to  ENERGiZINa  failure  TO  i 
:  PROPERLY  GROUND  CAN  CAUSE  SEVERE  INJURY* 
" OR  death:  - '  -  ■  —  7- 

^ - —  -  -  -  -  P?  M-i  ■  lei^  . . . 


^  re'  — -.'y*.  •  — res'ra'':*:-  c'c„''c  corner*-:- 

^  ed'  "  ‘  r  “c r  ■  :a^*  5  r 


^'■2'  V.''  a'*  r-' '  *r'  uS*^-  c'*  a 

v^y'e  t-a’  'S  c"e  ''a.  a  so‘iC'»  r'c^ncer  no^"a 

-  r  ■  '  av •a'-  -  a''  r  r'^v’  a  .  a  ari*’-  s  re'r’.anen:  . 

a''c  sj  cr  — '^c'“  o‘  tne  svste'^ 

re*c'e*'"et'a'5':"^e'  ?"^e'3:rec 


7.5  Connections 

D..'  i''s!a  8!  ^-  s^'-cuence  o'  co'^oer- 

t  r''i:  15  * 's*  r^at'-e  a  co''''^ecoc'"s  tne'^  tnc  i~.w 

vo^tape  co^ ''’ect'C''.5  t.-a'i,  vo'tape  co'^^'er- 

ticns  ■'ne  va'"s‘0'''^e'  s^oj'C  oe-  rp'*icvec  tro'^  se'^vce  dv 
severs  ”0  aoove  seci^e'^'ce  c'  co'^nections  Ca'’e*u'iv 
coec*'  f'^e  t'a'~5*orme^  '^a'^eria’e  to’’  its  rat'nc  anc  ine  cor.. 
rec*;0''o  ’oa:  ca*"  oe  r-,ac3P  to  it  AvO'O  excessive  strai*'  on  me 


bjsnmc  termtnais  insulators  This  cou»ci  loosen  the  contact 
tomts  O'  carnage  ine  insulators 


7.6  Liquid  Level 


Never  ooeraie  o'  apply  voltage  to  transformer  if  the  IiquiC 
levei  IS  pe’ov.  me  25  Degree  C  liguid  levei  plug  more  man  '. 
men  Cneci.  tne  iiquic  fevei  Defore  tne  fransforme'  is  ener- 
G  oeo  fc  ensure  the  proper  hq  jic  levei 

NCTE  CoiD  temperatures  can  cause  me  Iiqjid  level  to 
O'op  mrouQh  contraction,  by  more  man  '.  men  When  this 
naopens  me  iicuic  should  be  heated  to  allow  lo'  expansion  to 
the  proper  Iiquic  leve.  o'  additional  IiqjiC  is  tc  be  aodec  to 
brine  tne  liquid  level  up  tc  witnm  men  o'  me  iiqu.o  level 
Diuc  Tn:s  liouiC  will  men  have  to  be  ren-.ovec  when  tne  unit 
has  reached  normal  opera'mg  temperature  Fpiiow  the  main¬ 
tenance  irformatioh  m  Section  10  0  w  hen  adding  and  remov¬ 
ing  any  iiQuiC 

7.7  Cabinet  Security 

fwii^»iRPiflBWwippwiewiippr«wiw»wiwiiwMii  II 

:  WARNING^  FAILUR^O  PROPERLY  SECURE  , THEJ 
^  CABINET  MAY'aLLOV^CCESS  BY  UNAUTHORIZEDa 
;  PERSONNEL  WHICH  CAN  CAUSE  SEVERE  INJURY,^ 

r  DEATH  OR  PROPERTY  DAMAGE-gSi^^l^j^^?^ 

La.,.-',  *^-  :  « 

Befp'e  leaving  the  site  o'  an  energized  transformer,  maxe 
Sure  tna'  snv  OrOtective  O'msuiatmc  Darners  aremplace  tne 
cabinet  is  comp.eteiy  ciosec  anq  ai.  locxmc  provis  ons  are 
p'cperiy  mstaiiec 

T ne  loiiowing  d'oceoure  should  de  used  to  assure  cabinet 
security 

A  Close  me  hign  voltage  iieft)  ooor  ar-d  secure  it  m  place 
with  the  captive  bolts  suppned  ipentanead  pr  nexneadi 

5  Cipseme 'Ow  vo'tage  irignt  coor  anq  secure  it  m  piace  Pv 
rotat  ng  tne  handle  m  a  cioc.  wis“  dnectiO''  unii.  seated 
mar^die  shou'd  tner-  oe  m  a  vernca'  onentationi 

C  T iQi-ter-  me  sa'eiv  bolt  ipentanead  o'  nexnead '  located  m 
•he  loCKing  tube  unti.  fully  seated 

C  I's'a  e  padiocn  mrougr-  me  dco'  nandie  and  lockmg 
tube  and  secure 

E  Cneev  botn  me  hign  and  low  vonage  doors  tor  prooer  fit 
anc  security 

8.0  OPERATION 

T-  s  trans'orme'  was  built  and  rested  m  acCD’::a':cp  wit"-  f^e 
latest  ve'S'O’"  o'  me  toiiowmgstanaarqso’  Am.e'.can  Nationa 
Stanqa'ds  Institute 

ANSI  C57  12  00  —  Genera'  Reauiremen’s  tor  Liqu'C- 
l"'-7-,orceq  Distribution,  Power  anq  Peculating  Trar-s- 
'Ormers 

ANSI  C57  1."  90  —  Test  Code  tor  LiGuiO-lmme'seC  D  str  - 
but'on  Power  and  Regulating  Transformers  and  Guide  to' 
S'" o-'-Circuit  Testing  ot  Distribution  and  Power  Trans- 
fo'mers 
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9.0  ACCESSORlZS  AND  COMPONENTS 

S.1  Bushings 


CAUTION  REMOVE  ALL  DIRT  AND  FOREIGN  MATE¬ 
RIAL  FROM  ALL  BUSHINGS  BEFORE  PLACING  TRANS¬ 
FORMER  IN  SERVICE  READ  AND  FOLLOW  THE  MAN¬ 
UFACTURER  S  INSTRUCTIONS  FOR  INSTALLING 
SEPARABLE-INSULATED  HIGH  VOLTAGE  CONNEC¬ 
TORS  DO  NOT  ENERGIZE  THE  TRANSFORMER  WITH 
THE  SHIPPING  CAPS  ON  THE  BUSHINGS  OR  IN¬ 
SERTS  DO  NOT  OPERATE  THE  TRANSFORMER 
BEYOND  THE  MANUFACTURER  S  RATING  FAILURE 
TO  DO  SO  CAN  CAUSE  MINOR  PERSONAL  INJURY  OR 
PROPERTY  DAMAGE. 


9.2.1  Protective  Link 


I  ■*'  .  J!  U'-- i  -  .J _ J  J. 

WARNING:  VENT  THE  TRANSFORMER  BEFORE  DIS¬ 
TURBING  THE  TANK  SEAL.  FAILURE  TO  DO  SO  CAN 
CAUSE  SEVERE  INJURY,  DEATH  OR  PROPERTY 
DAMAGE. 

r'C!ect've  Iihk  is  oi'-i'r'ne'’sec  -•'p"'  .r  tap?-  6*0^  * 
s-c'~  *\jse  Qpsip-nea  lo  isoiaie-  tne  !'a''s‘0"''e"  *'C''  c  st'  - 
rv..t''C''  Sk'S*e-'T"  tne  eve'^t  o'  a  *0./'.  ''s  c? 

ta''*'  O'"  1030  siQe  0^  imk  i:  15  riot  o^s  o'^eo  o'o.  oe 

o.e'.oao  0'  secz^'za'y  tauit  cj'-re^t  o'otect'O''  tO' 

t'a'^StO'^rno' 

'''50’€*ct  '"Q  C’  reo'ac'oc  r'’otect've  iinKS  s  v.a-'s  ve''* 
*'  •  A.'  oe*0'£"  o.'Sturo.’-c  !oe  sea'  as  o.-f  ."''eo  ^ 

seot'C^  '  3  Cd'e  s'^'ojio  oe  laKer  to  o-even;  ;ne  e^t-a^Ot  0' 
TiO'Sto'e-  0^  *0'e<gn  mate'ia! 


9.1.1  Separable  Insulated  Connectors 

S'foa'ar  ^  I'^sj  atoc  co'^'^'eoto^s  rna.  be  un-ve^sa’  Dus'^'ric 

v^‘='  S  '  rO’a  riwiS'^'''0?  O'  W^^.'S  wJt'  inserts  i'*- 

sta  tc  ’’^e.  '"■aY  oe  e  tne' 'oacc^eak  o' rio^-»caor'ea^  Ai 
co''nectO't  re  c^\  a^c  c-ea*  c'  a^v  conrs.^'n/'^ar.-O'- 

0?  'O'e  i'^s’a  at  cn  ,‘njsec  termnais  shouic  oe  Drooe'i>  te^- 
'“ateo  to  r'event  t  :£S'Oie  oontan^iratiori  i^onovv  tne  nan_- 
‘act^jre' s  ''st">i:*ic''s  ano  Aa'ntngs  tne  use  c‘  t^'ese 

9.1.2  Porcelain  Bushings 

H  O’"  vO'‘aor  rorce'd''*  Ojs*''ngs  (v.ne'"i  orovicec  a'^e  e*te'* 
''3'  V  z  a'^'oeo  pas^eteo  v.-tn  eveoo't-ts re 

'Si  r- csref  e"ie- f.e  ci'^ca'-'^'e''". ‘roiT-,  pe  ov, 
B'  :  s’\'. ■  if-  r jf '  ■’c  ff ' "a's  ?,  f.r'a'!-;, ce  t?'"  - 
"a;  V.  "ccr:;-:  i  25C  car-e 

9.2  Fuses 


Fo-  tecnnica;  intofmatioi  'e'e'  ;c  A5£  ---S3c 

9.2.2  Bayonet  Oil  Fuse 

[  WARNING:  VENT  THE  TRANSFORMER  BEFORE 
1  OPERATING  THE  BAYONET  FUSEHOLDER.  FAILURE 
'  TO  DO  SO  CAN  CAUSE  SEVERE  INJURY.  DEATH  OR 
i  PROPERTY  DAMAGE. 

''nc  oavonet  0-  tuse  'S  a  oevice  v*.  n,o'"  ts  'er'ace'^'^e'^t 

0*3*  u'‘ce''Ot  e'-Ou'S'C'"  *«-se tne  ♦ifc.o  ano  ras -tiaco'caA 
caoao'Jit*  atiov.inc  ;t  to  ene^c-ze  a^'z  or-enerp.rc  a  tran^- 

** c  ere'?.**.  C'  'er  ace  f^e  ‘0  o»'.  t’^e  ’''S*'wOt  o*'? 


‘.-'t^'r' teo^n.ca  i'‘*:'^.3 


r  ...... 

j  WARNING:  OPERATION  OF  A  FUSE  MAY  INDICATE  A 
I  FAULTED  TRANSFORMER.  DO  NOT  REPLACE  THE 
•  FUSE  UNLESS  THE  CAUSE  OF  THE  FUSE  OPERATION 
}  IS  POSITIVELY  IDENTIFIED  AND  CORRECTED.  IF  THE 
i  CAUSE  OF  THE  FUSE  OPERATION  CANNOT  BE  POSI- 
(  TIVELY  IDENTIFIED  AND  CORRECTED.  THE  TRANS- 
I  FORMER  SHOULD  BE  REPLACED  OR  RE-ENERGIZED 
FROM  A  REMOTE  LOCATION.  FAILURE  TO  DO  SO 
CAN  CAUSE  SEVERE  INJURY.  DEATH  OR  PROPERTY 
DAMAGE. 

I 


9.2.3  Loadbreak  Drawout  Fuseholder 


I  WARNING:  FUSES  SHOULD  BE  OPERATED  WITHIN 
I  THEIR  RATINGS  AND  REPLACED  WITH  FUSES  HAV- 
I  ING  EQUIVALENT  VOLTAGE  AND  TIME-CURRENT 
{  CHARACTERISTICS.  FA’lURE  TO  DO  SO  CAN  CAUSE 
SEVERE  INJURY.  DEATH  OR  PROPERTY  DAMAGE. 


9.2.6  Deadbreak  Drawo;  fuseholder 


iXMGtnSl>e.ENERGIZE=miS:TlUkNSPORMEI»tBE=S 


ikWiO(n^U$EHOtl>EaSASSEMBl^^ 


Page  6 


Tc  cpe^ate  tne  bavonet  LoadCfeak  Fuseboiders,  it  is 
necessary  to  raise  me  Mmgec  Weatriercover  (Fiip-iopi 

Witn  bom  caomet  doors  luliy  open  (over  90  degrees) 
Pusn  upward  on  tne  front  edge  o*  tne  cover  assemoiv  T iit 
tne  nmoed  cove'  backward  until  tne  supporting  arm.  con¬ 


nected  to  the  hiQh-low  barrier  can  be  securely  latched  in 
place  on  the  inside  ct  me  cover 

Proceed  with  the  operating  instructions  tor  me  Bayonet 
Loadbreak  Fuseholoer  (below i 


BAYONET  LOADBREAK  FUSEHOLDER 


WARNrNQ:  OPERATE  THE  FUSEHOUJERPERTHESE  INSTRUCTIONS.  FAlLU^EXODO  SOJ^  RESULT 
N  SEVERE  IN  jURT,  OEATH^R  PROPEHTXOAMAGE.  ^ 


OPERATING  INSTRUCTIONS 


>VARN/Na^NT.THE  TRANS? 
FORMER  BEFORE  OPERATINCH 
THE  BAYONET  FUSE  HOLOER.% 
FAlLURE-TO  OO'SO’CANf 
CAUSE^SEVERElINJURYkS 
OEATH-Om  PROPER!^ 
DAMAGE>e^i‘.fclftSla»t!l.  lMMWT 


1  VENT  THE  TRANSFORMER  AS 
OUTLINED  IN  SECTION  7.3 


ATTACH  hot-line  TOOL  TO 
HANDLE  EYE.  STAND  TO  ONE 
SIDE  AND  UNLOCK  THE  HANDLE 


PUSH  DOWN  AND  rotate  ThE 
HANDLE  90-‘  CLOCKWISE  IN  THE 
HOUSING  TO  BREAK  ANY  ADHE¬ 
SION  BETWEEN  THE  GASKET  AND 
THE  HOUSING 


JERK  'HE  PJSE-^0-DE=  OUT 
APPROXIWA'E-YE'  TOORENTHE 
Circuit  wai'  a  few  SECONDS 
FOR  Oil  to  drain  back  into 

'HE  TANK  T-EN  COWR-ETElY 
withdraw  fuSE^^O^OER 


to  REPLACE  FUSE 

INSTRUCTIONS  FOR  REPLACING 
FUSE  ELEMENT  ARE  PACKED 
WITH  EACH  REPLACEMENT  FUSE 
FOLLOW  the  fuse  manufact¬ 
urer  S  INSTRUCTIONS 


TO  REINSTALL  FUSEHOLDER 

ATTACH  hot-line  TOOL  TO  HAN¬ 
DLE  EYE  STAND  TO  ONE  SIDE 

AND  Place  the  fuseholder 

END  JUST  INSIDE  THE  HOUSING 

RAPIDLY  PUSH  THE  FUSEHOLD- 
ER  IN  UNTIL  DUST  CAP  SEATS 
AGAINST  HOUSING 

PUSH  DOWN  AND  ROTATE  THE 
LOCKING  HANDLE  HOOKING  IT 
OVER  the  SHOULDER  OF  THE 
HOUSING 


vjho'i  me  bavpnet  operations  a'e  completed  release  the 
latch  on  tne  Hingec  Vyeatnercover  by  tiitmg  tne  cover  slightly 
backwards  Lower  the  cover,  making  sure  it  is  all  the  way 


down  (The  uooer  hign-voitage  door  bolt  should  engage 
THROUGH  the  hole  in  tne  Hinged  Weatnercover ) 
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CLT  TYPE  LOADBREAK  DRAWOUT  FUSEHOLDER 

Dust  Cap  Spring  Contact 


Hook  Eye  — f 


n _ 

« 

_ _  ^  1 

! - 

1  1 

Fuse 

[  t 

U — : - ®  ‘ 

JZ> 


insulating  Bayonet 


Contact  Probe 


V/  PMINQ;  AS^MBLE  AND  OPERATEFUSEHOU>E 
£  in  bo  SO  CAN  RESULT  TN  SEVEU  iriSUfl 


LiNSTRUCnOh 

rbAMAc 


!  OPERATING  INSTRUCTIONS 

I 

I  LOADBREAK  ATTACH  HOT-LINE  TOOL  TO  HOOK  EYE  RAPIDLY  WITHDRAW  FUSEHOLDER 
!  assembly  completely  from  housing 

I 

I  LOADMAKE  Attach  HO'^-LtNE  TOOL  TQ  HOOK  EYE.  INSER*^  END  OF  FUSEHOLDER  UNTIL 
I  contact  SPRING  has  JUST  ENTERED  HOUS:-  RAPIDLY  PUSH  ASSEMBLY 

S'^RAlGHT  INTO  HOUSING  UNTIL  DUST  CAP  SE-TS  AGAINST  HOUSING  AND 
GROUNDING  Clip 

TO  REPLACE  FUSE  DISASSEMBLE  BY  UNSCREWING  PUSE  FROM  INSULATING  BAYONET 
I  and  contact  PROBE  REPLACE  BLOWN  FUSE  WITH  NEW  FUSE  OF 

I  equivalent  RATING  AND  CHARACTERISTICS  REASSEMBLE  BY  TlGHT- 

j  LY  SCREWING  NEW  FUSE  ONTO  INSULATING  BAYONET  AND  CONTACT 

I  PROBE 


FIG  5 


NX  TYPE  LOADBREAK  DRAWOUT  FUSEHOLDER 

Out!  Cap  Locking 


I  II  ' II  ^i.»aiin  I  inji  ll||l■.ull.ll  n  ipjij^jar 

I  ASSEMBLE  AND  OPERATE  FUSEHOLDER  PERTHESE  INSTRUCTTON&^tm 

I  LFAILURE  TO  OO  SO  CAN  RESULT  IN  SEVERE  INJURY.'OEATH  OR'PROPERTV  DAMAGE.^ 


I  OPERATING  INSTRUCTIONS 

I 

i  LOADBREAK  ATTACH  HC  NE  TOOL  TO  HOOK  EYE  RAPIDLY  WITHDRAW  FUSEHOLDER 
'  ASSEM8>.Y  completely  from  HOUSING 

i  LOADMAKE  attach  hot-line  TOOL  TO  HOOK  EYE,  INSERT  END  OF  FUSEHOLDER  UNTIL 
i  CONTACT  SPRING  HAS  JUST  ENTERED  HOUSING  RAPIDLY  PUSH  ASSEMBLY 

i  straight  INTO  HOUSING  until  DUST  CAP  SEATS  AGAINST  HOUSING  AND 

i  GROUNDING  CLIP 

1  TO  rePlAce  FUSE  Disassemble  by  unscrewing  fuse  from  insulating  bayonet  | 
I  and  contact  probe  replace  BlOWN  fuse  with  new  fuse  of  I 

:  EOUIVALENTRATINGANDChARACTERiSTICS  REASSEMBuEBYTIGHT-  I 

i  LY  SCREWING  NEW  FUSE  ONTO  INSULATING  bayonet  AND  contact  | 

I  PROBE  ' 

FIG  ' 
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CLT  TYPE  DEADBREAK  DRAWOUT  FUSEHOLDER 

DE-ENERGIZED  OPERATION  ONLY 


Spring  Contact 


End  Terminal 


Hook  Eye 


WAfINING:  ASSEMBLE  AND  INSTALL  FUSE  AND  FUSEHOLDER  PER  THESE  INSTRUC¬ 
TIONS.  failure  to  do  so  can  result  in  severe  injury,  death  or  property 

DAMAGE. 


TO  REVO^'E  ==JSE 


TO  REC-ACE  FUSE 


TO  INSTALL  Fl'SE 


A — AC-  hC'-lINE  TOO^  to  hook  eve  and  VV'TriORAV,  f  JZS. 
hOaOER  straight  out  FROM  HOUSING 

DISASSEMBLE  BV  UNSCREWING  THE  FUSE  FROL'  "HE  INSUlA'ING  | 
SAvqnET  REOlACEThEBlOWNFUSEV.iTHANEWFUSEOREOUI- 
vA^EN”  rating  AND  Characteristics  reasseme-E  B'- tight-  i 
LV  5  crewing  fuse  onto  the  insulating  bayonet 

at'aCh  hct-LINE  tool  tc  hook  eye  and  p.ACE  FUSEHOLDER  ' 
IN'O  housing  push  FuSEhOaDER  in  AIRM..V  UNT;.  dust  cap  is 
SEATED  againS'  housing  and  GROl'ND  Clip 


Fig.  7 


NX  TYPE  DEADBREAK  DRAWOUT  FUSEHOLDER 
DE-ENEHGIZED  OPERATION  ONLY 
Dust  Cap 


Locking  Set  Screws 


Hook  Eye  — 


“  I 

Insulatmo  Bavnnet 


Fuse 


ri 


I  Fuse  Terminals 
Spring  Contact 


LLA-MJii'jauJ-kg-  -IgmiW!-.’  J!, '! - 1 - 

'  OANGEie«E-ENERGI2E  THE  IpA^ORII^  BEFORE  REMOVING  OR  mstALUNG^THET 

LOEAPBREAiU2BAwo:iarj^5iyskP.i^$s$uitxxAs^mo0j^^ 

.  SEVERE  INJURY.  DEATH  OR  mOfSI1XOAMAGELrja^'^»£^:»i!^!^ 


WARNING:  ASSEMBLE  AND  INSTALL  FUSE  AND  FUSEHOLDER  PER  THESE  INSTRUC¬ 
TIONS.  FAILURE  TO  DO  SO  CAN  RESULT  IN  SEVERE  INJURY.  DEATH  OR  PROPERTY 
DAMAGE. 


A'-aD-  -C'-.iNE  "OOl  tc  hook  eye  and  v.  thcrav.  a^'SE- 
—  C.-OE”  S"”Aio-^T  Ol"  ^RO’.' housing 

C  ease:  •.’E-E  B  -  unscrewing  the  fuse  aROV  hhE  iNSUl  a'iNG 
EavC'^E”  pEP..ACETmE  BlOY.'N  fuse  W  "h  a  new  -  USE  C -  E C U - 
\  A_E*'  RA^INC  a*;C  C *“i a p AC"ERi ST iC S  REASSEME_E  E  *  T'GhT- 
SCRE.'.:NG  Fuse  Or.'C  The  iNSUlA-iNG  BayonE' 

A  —  AC  -  -  C*-lINE  "CO-  "0  HOOK  EVE  ANC  PlACE  F’JE  .-O.DEP 
IN'C  housing  pus-  puSEhOlCE-  IN  FiRM^''  jN"i^  C_S"  Cap  iS 

SEA'EC  AGAINS"  housing  ANE  GROUND  Cl  p 


Fic  S 
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EFD  LOADBREAK  DRAWOUT  FUSEHOLDER 


Alignment 

Ridges 


Hook 

Eye 


Fuseholder 

Assembly 


4  Brass 
(  Screws 

■3 


I 


I 


OPERATING  INSTRUCTIONS  ! 

'  1 

'  lOADBREAK  attach  hot-line  tool  to  hook  eye  RAPIDLY  withdraw  fuseholder  ASSEMB-Y  completely 
I  FROMhOUSINo 

!  LOADMAKE  A’TACh  hot-line  TOOL  TO  HOOK  EYE  CAREFULLY  POSITION  ALIGNMENT  RIDGES  IN  THE  CORRESPOND- 
!  ING  GROOVES  OF  THE  HOUSING  RAPIDLY  PUSH  THE  ASSEMBLY  INTO  THE  HOUSING  UNTIL  BASE  OF  HOOK 

I  EYE  IS  Flush  with  housing 

I 

I  'O  REPLACE  FUSE  ONLY  REPlACE  FUSE  with  fuseholder  withdrawn  FROM  housing  D'SASSEMBLE  BY  REMOV- 
;  ING  The  l  brass  SCREWS  AND  SHROUD  REP-ACE  BLOWN  puSE  WITH  A  NEW  FUSE  OF  EQUAL  | 

;  rating  and  CHARACTERISTICS  reassemble  -VITH  PARTS  ORIENTED  AS  SHOWN  RETIGHTENTHE  I 

,  4  BRASS  SCREWS  I 


F)S  9 


TniscevicecomDinestneP'gh  interrupting  capabilities ot  a 
general  purpose  current-limiting  fuse  witn  a  ory-weli  tuse- 
npioe'  Tne  oeappreak  g-awout  is  normally  mechanically 
inte'iockeo  with  a  loaObreak  switch  Once  the  transformer  is 
ae-ene'Ci2eg  r  v  operation  of  the  loaopreak  switch  the  safety 
oa*‘ie  ma'.  be  siiC  to  the  side  permitting  access  to  the 
luse'-oiae' 

Tc  replace  tne  fuse  follow  the  instructions  shown  in  Figs  7 
anc  6 

Fo'  tutne-  tecnmca'  information,  refer  to  ABB  TPL  44-837 

9.2.5  Internal  Partial  Range  Current-Limiting  Fuse 

'ne  ir'er-a  pariiai  rangr  cu'rent-hmitmc  fuse  is  used  m 
se'ies\A'”'aiowcj'rentin;errupiinc  device  such  as  a  protec- 
’  e  I  -«  p-  tavcne;  Tne  padia’  range  fuse  is  designed  to  ciea' 
ov.  imoeoance  (h.gn-cjrrent  faults  with  tne  expiuiS'On  fuse 
c  ra'  r'c  a”\  r-  c'  l"•pe'■dance  ta^'ts  or  overloads  wnerr 
T'cce' '  app  ,ec  me  pa'i^a  range  fuse  wilt  oni\  operate  fO' 
i^’e'na  t'ans'c-~p- -301:;  Upon  ope'atio'' c' a  padiai  rar-ge 
’..  se  '•  'r  'e:o"'"'enaeotneun''  oe  removed  from  serv  ice  a  no 
't  •-."-eo  'c  m  r  A5E  PDv.e-  TiC  Company  Inc  'O' repair 

9  3  High  Voltage  Switches 

I  tVARNING:  WHEN  DE-ENERGIZING  THE  TRANS- 
,  FORMER,  00  NOT  RELY  ON  SWITCH  POSITION  OR 
'  OTHER  VISUAL  INDICATORS.  ALWAYS  ASSUME 
THAT  TERMINALS  ARE  ENERGIZE  UNLESS 
CHECKED  AND  GROUNDED.  CONTA  tWITH  AN 
UNGROUNDED  TERMINAL  CAN  CAUSE  I  ^CTRICALx 
SHOCK.  BURN  OR  DEATH,  .ul-lk  -r  A-  -  : 

- -  -OT.-  -•.E.- 


9.3.1  EFD  Switch 

The  EFD  (Extetiioiiy  Fused  Disconnect!  is  an  air  insulated 
loadpreak  switch  avaiiaoie  for  raOiai  feed  (single  poie)  A 
gene'a'  purpose  current  limiting  fuse  or  a  solid  plade  is  pro- 
vioec  m  me  transformer  connecting  po'e  Tne  switch  con¬ 
tacts  are  opened  Pv  drawing  out  the  connecting  pole  so  that 
they  are  comoieteiy  tree  o'  tne  switch  housing,  leaving  a 
vis'bie  oisconnect 

To  ooerate  or  replace  tne  fuse  follow  me  instructions 
shown  in  Fig  9 

9.3.2  LBOR  Switch 

The  ABB  L90R  is  a  gang-operated  two  position  rotary  oii 
switch.  The  switch  IS  cpe'ated  by  attaching  a  not-ime  tool  to 
me  externa'  nooK  eve  nangie  and  rotating  to  eithe'ine  open" 
or  Closed  posit'on  •'■ete' to  R'C  10  Circuit  connections  are 
snowr  on  me  transfo'me'  namepiate 

Fo-'jrlhe'  tecnmca'  mto'mation  rete'  to  ABB  TPl  4l-834 


c 


Fig.  10 
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9.3.3  Tap  Changer  (Hookstick-operable) 


« » 4'»j. 

T he  tac  c'lanqe-  r'Ov  3es  a  "lea-^s  o‘  changing  the  voltage 
ratio  oi  a  trans forme’  Tne  irahsto'me's  are  normally  supoiieo 
vntnanexterna  ivooe'aieonior'^oifaaetar changer  locateo 
nea"  ;ne  hign  .o'tape  o.isn  nQ  To  cnanoe  lacs  proceeo  as 
follows  (tele'  to  Fig  1 1  i 

A  De-energi;e  the  transformer 

E  BacK  out  the  locxmg  screw  until  it  is  ciear  o‘  the  locking 
hole 

C  Turn  the  handle  t:  the  oesireo  tap  position 

D  Tighten  the  locking  screw  to  mmimije  the  possiDility  of 
unintenliona  mowemen; 

Some  large-si^e  units  are  turnisnea  with  a  powe'-trans- 
tormer  tap  Change'  d’lve  whicn  reoui'es  pulimg  of  a  locking 
pm  and  a  tui'  turn  o*  the  handle  tor  each  change  in  tap 
position 


Fig  11 


On  a  dual  voltage  switch  Positon  1  is  the  low  or  multiple 
connected  position  while  position  2  is  the  high  o'  series 
connected  positon  To  change  the  voltage  position  proceed 
as  follows  (refer  to  Figure  12: 

A  De-energize  the  transformer 

B  Back  out  the  locking  screw  until  it  is  clear  of  the  locking 
hole 

C  F>ull  out  on  the  handle  until  ;t  will  rotate 
D  Rotate  the  handle  to  the  new  positon 
E  Release  the  handle 

F  Tighten  the  locking  screw  to  minimize  the  possibility  o* 
unintentional  movement 


Fig  12 

9.3.5  Arc-Strangler  Fused  Switch 

Arc-Strangler  fused  switch  is  mounted  in  the  high  voltage 
companment  The  fusee  disconnectfs!  will  have  NX  current- 
limiting  fuses  Follow  the  McGraw  Edison  (Cooper 
Industries)  instrucimns  for  operating  these  devices 


9.3.6  S  &  C  Fused  Switch 


;>VAffN}NGrUSE  THE  S  t'CtOADBUSTER  TOOtaTO^ 
LOPERAT^JHEj)ISCONNEC7:jFAILURErroZDO:SOi 


9.3.4  Dual  Voltage  Switch  (Hookstick-operable) 


^)K4AM/MC;.  DE-ENERGIZE  THE  TRANSFORMER  BE-t 
FORE-rORERATINQ  THE  OUAt"  VOLTAGE  SWITCH.^ 

'failuretto  so  do  can  cause  SEVERE^NJURV^ 

DEATH  OR  PROF^RtV  0AMACE.Tdi^sfe=?=34^^ 


f|VARW»NOrWHEH'CHANO«NOV6LTAGE*ROSrrdN)* 
!  FUSES  MAY  HAVE  TO  BE  REPLACED  WITH  THOSE  OFI 
^THE  PROPER  RAT1NGS.THE  USE  OF  AN  IMPROPERLY^ 
^RATEO>USECAN  CAUSE  SEVERE  INJURYIT)EATH1 
[OR  ■enPCTTvwAMartr-aaft-  JIxMUl— BWWBWi 


When  an  S  S  C  fused  switch  is  used  follow'  tne  manufactur¬ 
er  s  instructions  for  operating  fnis  equipment 
When  operated  with  the  S  &  C  loadousfe'  too:  this  disconnect 
functions  as  a  loadbreak  switch 

9.3.7  Surge  Arresters 

The  tunction  of  a  surge  arrester  is  to  intercept  and  dived  to 
ground  various  overvoltage  transients  (such  as  lightning 
surges)  which  occur  on  the  distribution  system 

The  arresters  must  be  disconnected  wheneve'  high  poten¬ 
tial  or  induced  potential  tests  are  made  on  transformers  with 
arresters 

For  further  technical  information  refer  to  ABB  PL  44-921 
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9.4  Low  Voltage  Oil-Immersed  Circuit  Breaker 


9.5  Pressure  Relief  Device 


’'ne  low.  ^o'tapf-  D'eake'  is  aesignea  tc 

ose'"  ioa  v  -iiaGfr  C  'Co  •  O”  seconsa'.  ^a.iiis  o'  excessive 
ove'ioaas  T nt  ioa  vo  taat  ceaxe'  is  iPieecea  lo  proiec; 
seconoaiv  '  ov.  vo^aae  ci'Cui’.s  ana  conpeclec  apoaratjs 
imeie-s  se'v ice  en:rance  ec jip.-Pen!  e:c  i  f'om  i.pecrna!  aac 
macpetic  e*'ects  oue  ic  spoi’;  cucui'  aac  ovenoaos  Tne 
Dfeaxe'  is  D'lP^a'iiv  a  D'otecPve  aevice  oesignec  loi'  onu 
occasiona  svm'.cpipq  opeiatiops  as  sucr  c  is  po’ inlepoed  to- 
tieCviep*  ivweexu  o'  aaii>  s^cc-'ipc  Cw>t\  TPe  PaPOie  is 
locatea  ip  tPe  low  vocage  copiDa-ippeo:  ana  spouic  oeope'- 
atec  witp  a  hoMiPS  loo- 


CAUTION  WITH  THE  SECONDARY  CIRCUIT  OPEN. 
THERE  MAY  BE  SUFFICIENT  COUPLING  TO  THE 
WINDING  TO  CAUSE  SHOCK  FROM  THE  SECONDARY 
TERMINALS.  GROUND  THE  OPEN  SECONDARY  TER¬ 
MINALS  BEFORE  WORKING  ON  THE  SECONDARY 
SERVICE. 


D'.O'  to  fapsiof-pe'  msiaiiatiop  reset  iPe  oreaker  Dy  opep- 
inc  apc  c'osipg  i!  as  loiiows  irete'  to  Fiq  13' 

•  ~o  opep  tPe  preake' rnanuai'y  rotate  IPe  Papdie  so  tPat  IPe 
po  pter  moves  (rom  tPe  cosed  to  iPe  opeo  positon 

•  Tc  close  tPe  preaker,  rotate  iPe  PaPdie  oast  tPe  open 
position  (to  reset  tne  breaker!  men  back  tnrougp  the  open 
position  to  the  closed  position 

I'  a  tauit  0'  excessive  overload  exists  me  D'eaxer  wii'  trip 
ojt  ever  tPOuQp  me  nandie  is  neio  m  me  closed  position 

Foiiowincaoreake'trioouiouetoaiongierm  overload.  IPe 
transforme'  On  may  not  nave  Pad  time  to  COO'  SuffiCienliy  to 
allow  me  oreake-  latcp  tc  be  set  making  it  impossible  lo 
recose  me  O'eaxe'  immed’aieiy 


CAUTION  AN  EMERGENCY  CONTROL  HANDLE  IS 
PROVIDED  TO  RECALIBRATE  THE  BREAKER  TO  A 
HIGHER  TRIP  TEMPERATURE.  THIS  HANDLE 
SHOULD  BE  USED  ONLY  V/HEN  ABSOLUTELY 
NECESSARY  AND  FOR  AS  SHORT  A  DURATION  AS 
POSSIBLE  BECAUSE  ITS  USE  CAN  CAUSE  A  SIGNIF¬ 
ICANT  REDUCTION  IN  TRANSFORMER  LIFE. 


T ne  oreake'  ca"  be  reca'ir'ated  to  tne  e'ne'c-ncv  position 
bv  rernioviPd  me  mete' sea  and  rptat'pc  tne  e'-’e'oency  con- 
tro  Pa'Oie  cockwise  'c  reset  tne  b'eake'  to  its  previous 
settiPd  return  me  eme'oepcv  contro  nand'e  lo  me  original 
ocs't  !•  IS  'ecc'pmepoed  ma'  a  new  sea  oe  abpiied  lo  tPe 
nand'e  w ne-  r  is  'e'j'ned  tc  fpf  Po"pa’  position  ic  avO'd 
inad.e'ie'rt  ope'ato'  c‘  tne  e-ne'ce^cv  ccnt'C 


Emergency 

Control 

Handle 


Tne  standard  p'essu'e  renet  device  located  on  tne  tank 
above  tne  nojid  leve  relieves  excessive  ipie'na  tanx  pres¬ 
sure  and  reseais  a'  a  lowc  nos. live  p'essj'e  Tne  pressure 
reiie'  oevide  is  manual u  operated  bv  o'asbiPd  tne  end-cap  tor 
ring  it  provided,  and  siowa  p.,  i.ng  tne  cat  awav  from  tne 
tank  until  pressure  is  re.ieveo 


9.6  Thermometer 

Wnen  supplied  a  tnermomete-  inoicates  me  licuid  tem.pera- 
ture  nea'  me  top  o'  tne  tank  Tne  temperature  sensitive  ele¬ 
ment  IS  mounted  in  a  leakproof  wei.  permitting  remova:  of  tne 
tnermpmeter  without  lowering  tne  liauid  levei  The  oevide  is 
furnished  with  an  additional  pointer  red  m  doior.  to  show  tne 
hignes:  temperature  attained  smde  las'  reset 

9.7  Liquid  Level  Gauge 

When  Supplied  a  liQuid  leve  gauge  is  located  m  tne  low 
voltage  compartment  to  indicate  tne  variation  tror  tne  25 
degree  C  liquid  leve 


9.8  Pressure-Vacuum  Gauge 

v.men  sucbiieo  a  pressure  gauge  is  located  m  tne  low  voltage 
compadmen:  above  me  bushings  m  me  air  space  The  gauge 
indicates  w  nether  tne  gas  space  in  the  tank  IS  under  positive 
O'  negative  pressure 

9.9  Nameplate 

A  nameplate  is  supplied  on  eacn  t'ansforrne'  according  to 
ANSI  standard  C5"  12  00-1953  Section  5  i2  Refer  to  me 
namepiate  fo'Uansforme'  ratings  anc  cr  proper  connections 
o'  tne  transformer  to  me  svstem  N;  mte'nai  connections 
should  be  made  msioe  me  t-ansformer  otne'  tna-  mose 
shown  on  me  nameplate 


10.0  MAINTENANCE 

A  periodic  visual  inspection  o'  tne  transformer  is  recom- 
menoec  Atsuc'ttimes  me  gene'a  condition  of  tnefoiiowmg 
Should  be  noted 

A  High  voltage  bushings 
E  Low  vo'tage  bushings 
C  Arresters  n' provioedi 

D  Enclosure  integrity  (hinges  locking  provisions,  cor'O- 
sion  etc  ) 

E  Evidence  of  oii  leakage 
^  G'Ound  conneco'is 
G  Accesso-'es 
H  Sa’etv  labels 
I  T ransfO'me'  tilt 

WARNING:  WHEN  B:  OKEN  PARTS.  LEAKING  OIL  OR 
OTHER  POTENTIALLY  HAZARDOUS  CONDITIONS 
ARE  OBSERVED.  REMOVE  THE  TRANSFORMER  FROM 
SERVICE  UNTIL  REPAIRS  CAN  BE  COMPLETED. 
FAILURE  TO  DO  SO  CAN  CAUSE  SEVERE  IN  '  RY. 
DEATH  OR  PROPERTY  DAMAGE. 


Vv’nere  tanks  '"  ow  evidence  o'  rusting  or  oeieric  -  on  c' 
metinisn  tnevma.  be  ceanec  and  then  retouched  with  pamt 
available  fo'  tha'  purpose  When  bare  metai  is  exposed  a 
prime'  Should  initially  be  abplied  men  retouching  paint 
applied 


Fig  13 


C-55 


Page  1 


A  De'iod  :  c^eck  o't'ie'OacsnouiSDe  made  !o  ensure  t-'a! 
I’^e  (•a'ls'o'me'  is  no:  oe  ng  Sv-O'ected  tc  e«cessi.«-  ove'toad 
Plan -led  owp'-ioading  snouid  De  m  accordance  me  ANSI 
Loac.ng  Gcde  i  C5'  9’ 

V'.'nen  addir'c  o  !c  me  •'ansio'mp'  me  owne- snouic  take 
me  necessa-v  p-eca^tions  sc  tnat  PC5  cctan'inatior  is  not 
ini’oduceC 


»>1E41UNSf  ORMEIU>NUrAFTEII  OE-CNERGlZlNGj 
'  *  'WiJHEjrRANSFORMEiy 
1  SEVERE  ifUURy 


rAND>IANUj^ 
■fAtLVH&OVO^ 
tPSATH  OR  PR^I^IiliaXAiiiAGa 


W'^eneve*  ^ec)'ac0'^e'~'  ca'’s  O'’ 
ex'S^ng  ♦'•a'^s’Qf '^e's  rec^i^eC  CC'^*Pw£TE  NAVE- 

PlA'^E  data  mc: jC'*'!:;  K 'a*  '’'::  Y^E  NUf/BEP  SERiAl 

NUMBER  a^daDESCR'R'^iONcMneDa'’"snoui'GDea'vento 
ABB 


11.0  REPAIR 


>WOl 


^ttemptinq  repairs^ 
4SFORMERlFAiiJURC 
rCAUSE  SEVERE  INJURY,  DEATH.  OR] 


It  IS  tne  respons  Oil  tv  c‘  me  owner  to  inspect  maintain 
and  Keep  tne  trans'D-me' m  cooo  repao 

fierort  at'  tanures  o  j'mc  tne  war'antv  pe’iod  tc  vou'  ABB 
SaiesO“iC£  A,  warra'-t.  repairs  must  pe  made  pv  ABE  an 
arp'C'vec  service  tac:  itv 

To  assure  prooe'  operation  use  oniy  ABB  approved 
rep  acement  cants 

It  IS  recommended  mat  tne  owner  limit  repairs  to  replacing 
proKen  parts  unless  tne  owner  nas  weii-tramec  repair 
pe'sonne. 

Some  mterna'  parts  can  pe  'epiaced  witnout  comp'eteiv 
d'ainmc  tne  lanK  In  sucn  cases  oniv  me  fluid  necessary  tc 
ekpose  me  part  snpuid  pe  drained  nere  mav  aiso  ne  occa¬ 
sions  wnen  comc.eie  d'aminc  of  me  iranslorme'  tank  win  De 
necessary 

Tne  core  and  con  assempiv  can  pe  repaired  or  replaced  py 
ABB  personnel  at  eitne-  tne  tactory  or  at  an  authorized  repair 
facmtv  Refer  to  Service  Poiicv  46-315  for  details  o' contact 
tne  ABB  Power  T60  Company  inc 


DISCLAIMER  OF  \WARRANT1ES 
AND  LIMITATION  OF  LIABILITY 

THERE  ARE  NO  UNDERSTANDINGS,  AGREEMENTS,  REPRESENTATIONS  OR  WARRANTIES,  EXPRESS  OR  IMPLIED. 
INCLUDING  warranties  OP  MERCHANTABILITY  OR  FITNESS  FOR  A  PARTICULAR  PURPOSE.  OTHER  THAN 
THOSE  SPECIFICALLY  SET  OUT  BY  '.NY  EXISTING  CONTRACT  BETWEEN  THE  PARTIES.  ANY  SUCH  CONTRACT 
STATES  THE  ENTIRE  OBLIGATION  OF  SELLER.  THE  CONTENTS  OF  THIS  DOCUMENT  SHALL  NOT  BECOME  PART 
OF  OR  MODIFY  ANY  PRIOR  OR  EXISTING  AGREEMENT.  COMMITMENT  OR  RELATIONSHIP, 


The  information,  recommendations,  descriptions  and  safety  notations  in  this  document  are  based  on  ABB's  experience 
and  ludgmenl  with  respect  to  transformers  THIS  INFORMATION  SHOULD  NOT  BE  CONSIDERED  TO  BE  ALL  INCLUSIVE 
OR  COVERING  ALL  CONTINGENCIES. 

NO  WARRANTIES  EXPRESS  OR  IMPLIED.  INCLUDING  WARRANTIES  OF  FITNESS  FOR  A  PARTICULAR  PURPOSE 
ORMERCHANTABILITY  OR  WARRANTIES  ARISING  FROM  COURSE  OF  DEALING  OR  USAGE  OF  TRADE.  ARE  MADE 
REGARDING  THE  INFORMATION.  RECOMMENDATIONS.  DESCRIPTIONS  AND  SAFETY  NOTATIONS  CONTAINED 
HEREIN  In  no  event  will  ABB  be  responsible  to  the  user  in  contract,  in  tort  (including  negligence),  strict  liability  or  otherwise 
tor  any  special  indirect,  incidental  or  consequential  damage  or  loss  whatsoever  including  but  not  limited  to  damage  to  or  loss 
of  use  of  equipment,  plant  or  power  system,  cost  of  capital,  loss  of  profits  or  revenues,  cost  of  replacement  power,  additional 
expenses  in  the  use  o*  existing  power  facilities  or  claims  aqamsl  the  user  by  its  customers  resulting  from  the  use  of  the 
inlormalion.  recommenoalions.  descriptions  and  safety  notations  contained  herein 


ABB  Power  TAD  Company  Inc 

u'^oe^d'ounc  D  si'  Oui'O^  T'a^s’ci’me-? 
je’‘e-so'-  C'ly  MC  6f '  C  i 
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NAVSECSTA  /  CODE  60,  WASHINGTON,  DC 

NAVSECSTA  /  CODE  N70,  WASHINGTON.  DC 

SAVSHIPREPtAC  /  SCE,  FPO  AP 

NAVSHIPYARD  /  CODE  383.4,  PORTSMOUTH,  VA 

NAVSHIPYD  /  CODE  106.4  STARYNSKI,  PHILADELPHTA.  PA 

NAVSHIPYD  /  CODE  202.5  LIB.  BREMERTON.  WA 

NAVSHIPYD  /  CODE  308.3,  PEARL  HARBOR.  Hi 

NAVSHIPYD  /  CODE  450,  BREMERTON.  WA 

NAVSHIPYD  /  MARE  IS,  CODE  440.  VALLEJO.  CA 

NAVSHIPYD  /  SCE  (CODE  308.2),  PEARI,  HARunR.  HI 

NAVSHIPYD  /  TECH  LIB,  PORTSMOUTH,  NH 

NAVSTA  /  CBU-422,  WASHINGTON.  DC 

NAVSTA  /  CODE  0DA2,  SAN  DIEGO,  CA 

NAVSTA  /  DIR,  ENGR  DIV,  PWD,  GUANTANAMO  BAY.  CUBA,  FPO  AE 

NAVSTA  /  ENVIR,  STATEN  ISLAND,  NY 

NAVSTA  /  PWO,  ROTA,  SPAIN.  FPO  AE 

NAVSTA  /  TREASURE  IS,  SO.  SAN  FRANCISCO.  CA 

NAVSTA  /  UTIL  ENGRG  OFFR,  ROTA.  SPAIN,  FPO  AF. 

NAVSTA  PUGET  SOUND  /  CODE  922,  EVERETT.  WA 
NAVSUPCEN  /  CODE  700A.1.  NORFOLK.  VA 
NAVSUPPACT  /  PWO,  NAPLES,  I^ALY,  FPO  AF. 

NAVSUPPO  /  SEC  OFFR,  LA  MAD  LENA,  fTALV.  FPn  AF 

NAVSWC  /  CODE  C83,  DAHLGREN.  VA 

NAVSWC  /  CODE  W42  (GS  HAGA),  DAHLGREN.  VA 

NAVSWC  /  DET,  WHITE  OAK  lAB,  CODE  W’^O.  .fm.vfr  .SPRING,  MD 

NAVSWC  /  DET.  WHITE  OAK  LAB,  PWO.  SIT.VER  spring.  MI) 

NAVSWC  /  PWO,  DAHLGREN,  VA 
NAVTECHTRACEN  /  UPSON,  PENSACOLA.  FL 
NAVTRASTA  /  PWO,  ORLANDO.  FL 
NAVWPNCEN  /  CODE  2405.  CHINA  LAKE.  CA 
NAWPNCEN  /  CODE  2637,  CHINA  LAKE.  CA 
NAWPNSTA  /  CODE  092.  CONCORD,  CA 
NAVWPNSTA  /  CODE  092,  SEAL  BEACH.  CA 
NAVWPNSTA  /  PWO.  YORKTOWN,  VA 
NAVWPNSTA  EARLE  /  CODE  092,  COLTS  NECK.  Ni 
NCR  /  20,  CODE  R70.  GULFPORT,  MS 
NEESA  /  CODE  113M,  PORT  HUENEME.  CA 
NIEDORODA,  AW  /  GAINESVILLE.  FL 


NIST  /  BLDG  TECH.  NCKNIGIIT.  GAmtF.RSBdRf: .  flU 
NOAA  /  DIR,  PAG  MARINE  GEN,  SEATTLE.  WA 
NORDA  /  GODE  352,  NSTL,  MS 

NORTHDIV  GONTRAGTS  OFFIGE  /  ROTGG,  PnRTSMnn  ni .  Nil 

NOSC  /  CODE  94,  SAN  DIEGO,  CA 

NRL  /  CODE  2530.1,  WASHINGTON.  DC 

NRL  /  CODE  6123,  WASHINGTON,  DC 

NSC  /  CODE  02,  PEARL  HARBOR.  HI 

NSC  /  CODE  43,  OAKLAND.  CA 

NSC  /  CODE  70,  OAKLAND,  CA 

NUSC  DET  /  CODE  0261,  NEW  LONDON,  CT 

NUSC  DET  /  CODE  52,  NEW  LONDON.  CT 

NUSC  DET  /  CODE  5202  (SCHADY).  NEW  [.ONDON.  CT 

OAS  /  MCCONAHY,  ARLINGTON,  VA 

PACIFIC  MARINE  TECH  /  M.  WAGNER.  DUVAI.I..  WA 

PAULI,  DC  /  SILVER  SPRING.  MD 

PILE  BUCK,  INC  /  SMOOT,  JUPITER,  FI. 

PODELL,  H.I.  /  NEW  ROCHELLE.  NY 

PWC  /  CODE  101,  GREAT  LAKES,  IL 

PWC  /  CODE  1013.  OAKLAND,  CA 

PWC  /  CODE  no,  OAKLAND.  CA 

PWC  /  CODE  420.  OAKLAND.  CA 

PWC  /  CODE  421  CKIMURA),  PEARI,  1L>RR0R.  Ml 

PWC  /  CODE  500,  SAN  DTEGO,  CA 

PUT  /  ENGR  DIRECTOR,  CORPUS  CHRIST!,  TX 

SARGENT  &  HERKES,  INC  /  JP  PIERCE,  JR,  NEW  ori.fans.  LA 

SEATTLE  PORT  /  DAVE  VAN  VLEET,  SEATTLE.  WA 

SHANNON  &  WILSON,  INC  /  LIB,  SEATTLE.  WA 

SPCC  /  CODE  082,  MECHANICSBURG ,  PA 

STATE  UNIV  OF  NEW  YORK  /  CE  DEPT.  BUFFAI.O.  NY 

SUBASE  /  SCE,  PEARL  HARBOR,  HI 

SURFACE  COMBUSTION  /  V.R.  DAIGAN,  MAUMEE,  nil 

TEXAS  A&M  UNIV  /  CE  DEPT  (HERBICH),  COI.I.EGE  .STATION.  TX 

TEXAS  A&M  UNIV  /  CE  DEPT  (SNOW).  COLLEGE  STATION.  TX 

TEXAS  A&M  UNIV  /  ENERGY  TRNG  DIV  ( DONAI.nsoL' i ,  HOUSTON,  TX 

TEXAS  A&M  UNIV  /  OCEAN  ENGR  PROJ,  COLLEGE  STATION.  TX 

THE  KLING-LINDQUTST,  INC  /  RADWAN,  PHI  l.AnEl.rin  A .  PA 

TRIDENT  TRAINING  FAC  /  ANDERSON.  KINGS  BAY.  r,A 

UNITED  TECHNOLOGIES  /  I,IB,  WIND.SOR  LOCKS.  ''T 

UNIV  OF  NEW  MEXICO  /  NMERI  (FALK).  AT.BUnnFPOUE .  NM 

UNIV  OF  PENNSYLVANIA  /  INST  ENVIRON  MEDiriNE.  I’ll  i  LADELPHT  A . 

UNIV  OF  RHODE  ISLAND  /  DR.  VEYERA,  Kingston,  ri 

UNIV  OF  WASHINGTON  /  ENGRG  COL  (CARLSON  i.  si  AITl.E. .  WA 

US  DEPT  OF  HHS  /  FDA  (FISHERY  RSCll  BR  i .  UAIM'IIIN  ISLAND.  AI. 

US  DEPT  OF  INTERIOR  /  BLM,  ENGRG  DIV  ('ut.,  WASIUNOTON.  DO 

US  GEOLOGICAL  SURVEY  /  J  BALES,  RALEIGii.  mc 

US  GEOLOGICAL  SURVEY  /  MARINE  GEOLOGICAL  orrr.  prston.  VA 

USACOE  /  CESPD-CO-EQ,  SAN  FRANCISCO.  CA 

USDA  /  FOR  SVC,  EQUIP  DEV  CF.N.  SAN  IIIMAS.  ca 

USN  /  CAPT  COLIN  M  JONES,  HONOHH.U.  Hi 

USNA  /  SYS  ENGRG.  ANNAPOLIS.  MD 

VEDA  /  SUTTON.  OAKLAND.  CA 

VENTURA  COUNTY  /  PWA  (BROWNIE).  VENTURA,  ''a 


VIATEUK  DE  CHAMPLAIN  /  INST  OF  MARITIME  ENORC,,  MATANE,  QUEBEC 
VSE  /  OCEAN  ENGRG  GROUP  (MURTON).  ALEXANURIA.  VA 
WASTE-TECH  SVCS  /  ENVIRON  DIR  (COOPER),  nni.iiEN.  CD 
WESTERN  ARCHEOLOGICAL  CEN  /  LIB,  TUCSON.  A7. 

WESTINGHOUSE  ELECTRIC  CORP  /  LIB,  PITTSBURG,  PA 
WOODWARD-CLYDE  CONSULTANTS  /  R.  CROSS,  OAKLAND.  CA 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Civil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FAaUTIES 

1 A  Construction  methods  and  materials  (including  corrosion 
control,  coatings) 

1 B  Waterfront  structures  (maintenance/deterioration  control) 

1 C  Utilities  (inciuding  power  conditioning) 

1 D  Explosives  safety 
1 E  Aviation  Engineering  Test  Facilities 
1 F  Fire  prevention  and  control 
1G  Antenna  technology 

1 H  Structural  analysis  and  design  (including  numerical  and 
computer  techniques) 

IJ  Protective  construction  (inciuding  hardened  shelters,  shock 
and  vibration  studies) 

1 K  Soii/rock  mechanics 
1 L  Airfields  and  pavements 
1 M  Physical  security 

2  ADVANCED  BASE  AND  AMPHIBIOUS  FACIUTIES 

2A  Base  facilities  (including  shelters,  power  generation,  water 
supplies) 

2B  Expedient  roads/airfields/bridges 
2C  Over-the-beach  operations  (including  breakwaters,  wave 
forces) 

2D  POL  storage,  transfer,  and  distribution 
2E  Polar  engineering 

3  ENERGY/POWER  GENERATION 

3A  Thermal  conservation  (thermai  engineering  of  buildings, 
HVAC  systems,  energy  loss  measurement,  power 
generation) 

3B  Controls  and  electrical  conservation  (electrical  systems, 
energy  monitoring  and  control  systems) 

3C  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy  from  solid 
waste) 


3D  Alternate  energy  source  (geothermal  power,  photovoltaic 
power  systems,  solar  systems,  wind  systems,  energy 
storage  systems) 

3E  Site  data  and  systems  integration  (energy  resource  data. 

integrating  energy  systems) 

3F  EMCS  design 

4  ENVIRONMENTAL  PROTECTION 
4A  Solid  waste  management 

4B  HazardousAoxic  materials  management 
4C  Watenwaste  management  and  sanita/  /  engineering 
4D  Oii  pollution  removal  and  recovery 
4E  Air  pollution 
4F  Noise  abatement 

5  OCEAN  ENGINEERING 

5A  Seafloor  soils  and  founc'ations 

SB  Seafloor  construction  syste  ’is  ,^^nd  operations  (including 
diver  and  manipulator  tools) 

5C  Undersea  structures  and  materials 
5D  Anchors  and  moorings 

5E  Undersea  power  systems,  electromechanical  cables,  ana 
connectors 

5F  Pressure  vessel  facilities 

5G  Physical  environment  (including  site  surveying) 

5H  Ocean-b£ised  concrete  structures 

5J  Hyperbaric  chambers 

5K  Undersea  cable  dynamics 

ARMY  FEAP 

BDG  Shore  Facilities 

NRG  Energy 

ENV  Environmental/Natural  Responses 

MGT  Management 

PRR  Pavements/Railroads 


TYPES  OF  DOCUMENTS 

D  -  Techdata  Sheets:  R  -  Technical  Reports  and  Technical  Motes;  G  -  NCEL  Guides  and  Abstracts;  I  -  Index  to  TDS;  U  -  User 
Guides;  G  None  -  remove  my  name 


Old  Address: 


New  Address: 


Telephone  No.; 


Telephone  No.: 


INSTRUCTIONS 


The  Naval  Civil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  To  help  us  verify 
our  records  and  update  our  data  base,  please  do  the  following: 

•  Add  -  circle  number  on  list 

•  Remove  my  name  from  all  your  lists  -  check  box  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  comection 

(DO  NOT  REMOVE  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories 
you  select. 

•  Are  we  sending  you  the  correct  type  of  document?  If  not,  circle  the  type(s)  of 
document(s)  you  want  to  receive  listed  on  tiie  back  of  this  card. 


) 

Fold  on  line,  staple,  and  drop  in  mail. 


DEPARTMENT  OF  THE  NAVY 

Naval  Civil  Engineering  Laboratory 

560  Laboratory  Drive 

Port  Hueneme  CA  93043.4328 


Ofticial  Business 

Penalty  for  Private  Use,  S300 

BUSINESS  REPLY  CARD 

FIRST  CLASS  PERMIT  NO.  12503  WASH  D.C. 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


COMMANDING  OFFICER 
CODE  L34 

560  LABORATORY  DRIVE 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

PORT  HUENEME  CA  93043-4328 
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NCEL  DOCUMENT  EVALUATION 

You  are  number  one  with  us;  how  do  we  rate  with  you? 


We  at  NCEL  want  to  provide  you  our  customer  the  best  possible  reports  but  we  need  your  help.  Therefore,  I  ask  you 
to  please  take  the  time  from  your  busy  schedule  to  fill  out  this  questionnaire.  Your  response  will  assist  us  in  providing 
the  best  reports  possible  for  our  users.  I  wish  to  thank  you  in  advance  for  your  assistance.  I  assure  you  that  the 
information  you  provide  will  help  us  to  be  more  responsive  to  your  future  ne^s. 


R.  N.  STORER.  Ph.D,  P.E. 
Technical  Director 


DOCUMENT  NO. 


TITLE  OF  DOCUMENT: 


Date:  _ Respondent  Organization  : 

Name:  _  Activity  Code:  _ 

Phone:  _  Grade/Rank:  _ 

Category  {please  check): 

Sponsor _  User _  Proponent _  Other  (Specify) _ 

Please  answer  on  your  behalf  only;  not  on  your  organization's.  Please  check  (use  an  X)  only  the  block  that  most  closely 
describes  your  attitude  or  feeling  toward  that  statement* 

SA  Strongly  Agree  A  Agree  O  Neutral  D  Disagree  SD  Strongly  Disagree 


SA  A  N  D  SD 

1 .  The  technical  quality  of  the  report  ()()()()() 
is  comparable  to  most  of  my  other 

sources  of  technical  information. 

2.  The  report  will  make  significant  ()()()()() 
improvements  in  the  cost  and  or 

performance  of  my  operation. 

3.  The  report  acknowledges  related  ()()()()() 
work  accomplished  by  others. 

4.  The  report  is  well  formatted.  ()()()()() 

5.  The  report  is  clearly  written.  ()()()()() 


SA  A  N  D  SD 

6.  The  conclusions  and  recommenda-  ()()()()() 
tions  are  clear  and  directly  sup¬ 
ported  by  the  contents  of  the 

report. 

7.  The  graphics,  tables,  and  photo-  ()()()()() 
graphs  are  well  done. 


Do  you  wish  to  continue  getting 

CZD 

nj 

NCEL  reports? 

YES 

NO 

Please  add  any  comments  (e.g.,  in  what  ways  can  \s  e 
improve  the  quality  of  our  reports?)  on  the  back  of  this 
form. 


DEPARTMENT  OF  THE  NAVY 

Naval  Civil  Engineering  Laboratory 

560  Laboratory  Drive 

Port  Hueneme  CA  93043-A328 


COMMANDING  OFRCER 
CODE  LOS 

560  LABORATORY  DRIVE 

NAVAL  CIVIL  ENGINEERING  LABORATORY 

PORT  HUENEME  CA  93043-4328 


